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FOREWORD 


rliis  ri|)i)i'l  u ;is  prepared  undei' Air  I'Oree  Con  tract  I'.'i.'id  I ."j-Ta-C- 1 , Croiect 

No.  .XDl’  (aa  .A  and  covers  worl^  pertornied  l)y  llie  Autonelics  (iroiip  ot  Itockwell 
International,  .'ir.TO  .Mii-aloina  .\\iaiue,  .Analii'im,  Ca  lor  the  .Air  I'orcc  .Avionics 

I. aboralory,  Wri^ht-l’a ttifson  .Air  I'oi-ce  Base,  Ohio.  This  final  report  consist.s  of  two 
volunu’S  of  which  this  i.s  \ fihinie  I.  The  title.s  of  tlic  volumc.s  are; 

\ oliime  I I'echnical  Itepoi-t 

\ olume  1 1 .Appendices 

The  purpose  of  the  MICKO.N  Phase  2H  contract  w;is  to  desip,Ti,  dc’velop,  fabricate, 
and  integrate  the  I np:ipeerin^  Prototype  MICHoN  (I'A^M)  and  its  associatetl  software 
and  test  ((juipnient.  I'he  .MICRON  is  a low  cost,  highly  reliable,  modcnitely  accurate 
inertial  na\  i^ation  systcan  which  utili/.(>s  elec trosUi tic  <>yi'oscopi's  (I  SC). 

I'his  program  was  conducted  from  ")  .August  197.A  through  2”)  Febiaiary  l!t77.  It 
was  directed  by  the  MICRON  Program  Manager,  .) . .A.  Schwarz;  tin-  MICRON  .Assi.sUint 
Program  Manager,  .1.  }•  . Menzel;  tin-  f ngineering  .Manager,  .A.  P.  I ruban;  and  the 
Project  fngine<  r,  C.  F.  Runyon.  The  cognizant  .Air  Force  Project  .Managers  on  this 
phase  ol  tile  MICRON  |)rogram  were-  CapUiin  W.  C.  Peterson  and  CtipUiin  R.  F.  -lanosko, 
.AF.Al.  R\V.A-bi,ii.A.  I'he  contractor  submitU'd  the  draft  of  this  ri’port  in  May  1!)77.  The 
contractors  final  submilt;il  date  <if  this  report  wa.s  August,  1!)77. 

File  ])rincipal  contributors  to  this  report  were  A.  P.  .Andrews,  1'.  F.  Brasher, 

II.  1..  Bum|),  -I.  I).  Courtier,  K.  .1.  Cdbson,  F.  -I.  Culdc,  F.  R.  Hall,  1).  \V.  Holmes, 

K.  K.  din,  I..  F.  Johnsen,  .).  .lurison,  .1.  F.  Klinchuch,  and-J.  M.  .Miller. 

This  repoi't  has  been  assigned  the  Interntil  Rockwell  Control  Number,  C7r)-7s7 ■ 201. 
.All  correspondence  relating  to  this  clocument  sliould  refi'renct'  this  numbei’. 
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SECTION  I 

INTRODUCTION  AND  SUMMARY 


1.1  ixTHcnrc  rioN 

rlu-  ()l)i(H-(i\  ('  <>r  tin-  MICRON  I’Ikisc  l2li  contract  was  to  dcvelo])  the  Krifilnocrins 
'M'ototviH'  MICRON  (I\I*M)  and  iLs  assocdatcd  oloft ronics,  software,  and  test  ('Ctuii)ment. 
The  speeifie  ohjeetives  were  to  .levelop  a MICRON  system  resulting  in  IiiRh  reliability, 
ease  of  maintenanee.  low  aequisition  eost,  and  moderate  performance,  and  be  a 
potential  eandidate  as  the  inertial  navifxation  unit  (INC)  for  the  F-Kb 

The  MICRON  Phase  ‘il’>  FPM  consists  of  an  INC;  an  Inertial  Navi{;ation  Rattcry 
Cnit  (INHC),  which  is  a mount  for  the  INC;  a Rattcry  Cnit  (R1  );  a ( ontrol/ Navigation 
Panel  (C'NP),  which  provides  the  iirimary  operator-to-MICR()N  interface;  and  a System 
Test  Station  (S  TS),  which  provides  a seeondary  operator-to-M  I(  RON  interface.  I he 
INC  consists  of  the  Mechanieal  Housing-  Cnit  (MIIC),  the  Systems  Klcctronics  Cnit 
(SKI  ),  the  Dedicated  Processor  Cnit  (DPI  ),  the  Input /t tutput  I nil  (I01  ),  the  Instrument 
Assembly  Cnit  (I AC),  and  the  Power  Supply  Cnit  (PSC). 

Ihe  MICRON  INC  features  two  Micro  electrostatic  C.yros  (MKSC.s)  and  three 
I\lectroma^netic  Accelerometers  (KMAs)  with  associated  electronics  operatinji  in  a 
straixlown  mode.  Wben  the  MKSC.  attitude  data  and  the  KMA  delta  velocity  data  are 
processed  by  the  DPI  , the  system  will  provide  accurate  position,  velocity,  acceler- 
ation, attitude  and  other  information  to  i)c  used  for  fiuidance,  navitialion,  weapon 
delivery,  cartjo  deliverv.  reconnaissance, sensor  pointing,  and  radar  stabilization. 
Typical  MICRON  applications  will  include  strategic  cruise  missiles,  interceptors, 
fijihter-bombers,  transports,  elose  air  support  aircraft,  helicopters,  drones,  and 
remotely  piloted  vehieles. 

Cnder  previf)us  Air  Foree  contracts,  t^yro  drift-rate  calibration  prof^rams  h.i\c 
been  developed  and  performance  tests  f)f  the  nyro  and  its  suspension  and  Ml  M^pickoff 
eleetronies  have  been  i)erformed.  Two  developmental  navifiation  systems  (NoTA-l  and 
Nr)7A-2)  were  designed,  fabricated,  and  llii-ht  tested.  'Two  gyro  subassemblies  (C.SA) 
were  designed,  fabricated,  and  integrated.  One  USA  was  used  for  MKSC. A develop- 
ment testing  and  one  was  used  for  l-plate  gyro  and  electronics  development. 

Cnder  the  Phase  2R  contract,  the  following  tasks  were  performed: 

1.  Prime  Mission  PnHiuct  - INC,  INRF,  t'NP,  Software.  Integration 

2.  Test  ;md  Kv;ilu;ition 

:i.  Support  llaniwarc 

t.  AF  Flight  ’Test  (None  specified) 

r>.  System  M;inagement 

(i.  Data 

This  report  is  arnmged  according  to  tasks. 
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SIMMAHY 


l.L’.  I l’i'()vji-;\m 

I’hasr  211  contfact  act i\il ii's  comincnccci  oii  Aiiniisl  I!)?.").  lil’M  intcj^ral ion 
testing  hc^an  in  ca rly  •! nni'  IttTti.  Dcinonst I’at ion  navij;a1if)n  runs  were  c()n<luclc(l  in 
Di'ci  inhcr  ItiTu.  Direction  was  I'eeeived  in  a 10  r'chruary  11177  tiiecfin};  at  U'PAl'  Il 
to  |)r(H'ee(l  in  accordance  with  a revised  contract  statement  ol'  woi’k.  The  contract 
rci|uircmcnts  rcricctcd  in  this  report  lia\e  been  c'hanfjcd  to  ladlcct  the  revised 
statement  ol  \\()rk  as  documented  in  Autoneties  letter  77AN(i!)Or)2  dated  11  March  11)77. 

1.2.2  1 1 i gh  1 ij^i  t s I md  J7oni'  ^ 

A strapdown  navigation  system  was  designe<l,  labrieated,  and  testc'd  which 
meets  the  na\igation  perl'ormanee  re(|ui rements  of  the  Phase  211  eonti-aet  and  ttu' 

I'-lo  packaging  envelope  re(|uii'ements.  Two  demonstration  navigation  I’uns  were 
performed  in  accordance  w ith  the  contract  which  veiafied  the  system  met  the 
lierformaiu'e  i'e<|uiremenls.  Additional  navigation  performance  runs  were  made 
whic’h  also  demonstrated  Cl'P  rate  and  velocity  error  well  within  the  conti'aet  rtaiuii’e- 
meiits.  The  (T  P erroi-  rate  and  vidoeity  erroi'  for  17  navigation  runs  demonsti-ated 
actual  erroi's  of  about  onc'-half  the  allowable  erroi’s. 

1 . 2.  ;i  Summary  by  statement  ()f  \^’pi'h_’l  a^hw 

I nder  Task  1,  PiTme  Mission  Product,  tlu'  MICRON  System  Specification  was 
pri’iiared  and  submitted  in  November  197")  as  (T)Rl.  Item  AOOs.  The  PPM  INC  Cl 
l)evelo()ment  Specification  and  the  DPT  Cl  Dcwelopment  Specification  were  also  pi’c- 
pared  and  submitti'd  in  No\-ember  11)75  as  CDRl,  Items  A007  and  AOOti,  respectively 
In  addition,  nine  detail  design  specifications  were  prepared  and  maintained  for 
appi'rjpi'iate  subeleimmts  f)f  the  PPM  IN'P. 

INC  ei'i'or  analysis  and  ei’ror  budget  activities  were  pei-foimied  to  pi'edict  the 
peilormance  characteristics  of  tlu'  PPM  and  to  allocate-  subsysti-m  i-i'ror  budgets. 

The  eri'oi’  analysis  jirogi-am  (SAMPS)  was  modified  to  agree-  w ith  the-  1-  PM  ele-sign. 

I he  onlv  new  pe-rformance-  i-e-e|uire-me-nt  that  was  dilficult  te)  me-e-t  was  the-  |)e-ak 
ens(-mble  rms  ve-locity  e-i'ror.  This  reeiuire-nie-nt  was  me-t  by  imple-me-nting  a rotating 
instrumi-nt  cluste-r  which  was  the-  me)st  cost  e-ffe-e-tive-  and  le-ast  se-he-dule-  i)e-rtui-bing 
means  of  nu-e-ting  tlu-  ve-locity  accurae-y  i-e-eiuii-e-me-nt. 

During  the  de-sign  phase-,  trael(-e)ff  stiielie-s  we-re-  e-onducte-el  to  de-te-i'mine-  the- 
lowe-st  cost  and  most  I'eliable  I-.T’M  e-onfigui-ation.  The-rmal  analyse-s,  sti-e-ss  analyse-s, 
and  mass  pi'ope-i'tie-s  analyse-s  we-i'e-  |)e-rfo rme-el.  I'he  de-sign  and  dc-ve-lopme-nt  of  the- 
INP  uneh-neent  majoi-  e-hange-s  from  the-  initially  pi'opose-d  syste-m  in  order  to  retle-ct 
the-  P-I(i  unieiue  ree|uire-me'nts.  In  particulai-,  the-  P-l(l  syste-m  package-  size-  i-e-sulte-ei 
in  a total  re'|)ai'titie)ning  of  the-  syste-m.  The-  re-e|uire-me-nt  fe)r  115  v lOO  llz  i)rimary 
))e)we  r anel  2s  vele-  bae-kup  re-eiuii'e-el  pe)we-r  su|)[)lie-s  to  be-  ce)mj)le-te-ly  re-ele-signe-el.  In 
aelelitiem  to  the-se-  initial  change-^:,  as  ne)te-fl  in  the-  abe)ve-  fxiragj'aph,  i-e)tatie)n  e)f  the- 
lAP  was  subse-eiue-ntly  imple-me-nte-el  te)  achie-ve-  the  ve-locity  accuracy  re-eiuire-nu-nts. 

The-  Mill’  e-hassis,  Mill,  lAP,  anel  INI’  e-le-ctremics  we-re-  ele-signe-d  anel 
fabricate-el  unele-r  this  task.  I'hirty-eme-  eliffe-re-nt  hybriels  were-  eie-signe-el  anel  a total 
e)f  ITS  hybriels,  inclueiing  spa re-s,  we-re-  fabricate-el,  asse-mble-d,  anel  te-steel.  Sixteen 


(liiriTi'iit  clci't  ronic  module  iissemhlies  wei’e  designed  and  a lolal  ol  I ol  these 
assemliliis,  ineludiiiji  spares,  uiTe  lalji’ieated,  assembled,  and  tested.  All  hybrids 
and  elei'tronic'  modules  were  lunct ionally  and  screen  tested  per  I'SWA  documentation 
and  all  successlully  imd  test  retiui reiiients  derived  Irom  the  detail  desif^n 
six'i'ilications. 

A total  ot  six  Ml'SCi's  (includmn  lour  si)ares)  were  asseml)led  and  tested  lor 
the  1 I’M.  In  addition.  Phase  2A  instruments  were  upgraded  to  the  1-  I’M  conlifiiira- 
tion.  MI  SCi  I’hasi' 2P  acti\ ities  included  the  dex'elopment  ol  the  nartam  };i'oovc 
cavity,  small  nap  nV'b  start  ny'’'>»  reaction  rotor,  motoi’  development, 

an<l  hcatci'  incorporation.  Fabi’ication  of  Mf^Sd’s,  rotors,  and  cavities  to  suppoi't 
s(‘Cond-source  and  non-dcstruct iblc  rotor  and  cax  ity  efforts  was  also  accomplished 
undei'  this  task. 

Six  IMA's  (includinn  thi’cc  spares)  were  assembled  and  tested  for  the  Fl’M. 

In  addition,  two  IMA  ennini'crinn  devidoinm-nt  modi'ls  were  completed  and  functional 
and  pi'i'lormance  exaluation  tests  wci'e  conducted.  I-.'.MA  dexclopmcnt  activities 
addressed  reduced  costs,  fast  reaction  i)crformanct',  and  improved  stability  and 
rejH'atability. 

I ndei-  subtask  1.2,  a detail  design  specification  for  the  IneHial  Navigation 
Battery  I nit  (INIU  ) was  prepared.  One  INHl',  including  the  Battery  Unit,  was 
assembled. 

I nder  suhtask  1..'!,  the  CDU/Memory  .Adapter  was  dc'signc'd,  fabricatc'd, 
assembled,  and  checked  out.  The  C'Dl’  Memory  .Adapter  provides  the  interface  from 
the  MKMtO.N  computc'r  to  the  CM)!'.  No  modification  to  the  N.A7.A  Cl)l'  was  rcciuircd 
for  it  to  meet  its  function. 

t nder  subtask  I.  I,  INI'  and  test  station  software  was  (kwadoped.  The  INI'  soft- 
ware was  designed  according  to  the  reciuin  inents  in  th(>  INI'  Cl  Spi'cificat ion.  INC 
program  I’equi rements  wei’c  dcfine(i,  coded,  chcckc'd  out,  and  verilit'd  in  systiun 
integration  testing.  .A  nesv  assembler  and  associated  support  software  were  (Uwi'loped, 
\-erified,  and  completely  documented.  The  INC  software  is  completely  desci’ibed  in 
Para  2.  I.  1,  including  Dl’l'  memory  allocation  and  softwari'  exi'cution  timing  data. 
Detailed  How  charts  of  all  INU  programs  arc'  presented  in  .Apix'ndices  C.  through  1.. 

During  the  course  of  Phase  2B,  many  diverse  test  station  software  programs 
were  developed  and  implemented  in  the  MICRON  l.ab  1IP210()  computer  systi'in. 
riiese  progratns  ncrc'  ust'd  in  integration,  calibration,  and  diagnosis  of  the  IM’M 
sensors,  and  for  aiding  INC  software  development.  The  various  tasks  which  have 
been  performed  are  described  in  dc'tail  in  Para  2.  1.2. 

Cnder  subtask  l..a,  integration  testing  was  conducted  to  establish  compatibility 
and  o|)erability  of  the  INI’,  INBU,  HP,  CD!',  STS,  and  software.  Thi' detail  design 
specifications  were  updated  to  rcllcct  changes  made  during  the  test  program.  Two 
demonstration  naxigation  runs  required  by  tlu'  contract  were  pei-formed.  The  position 
error  CKP  rate  for  these  two  runs  was  0.71  nmph.  This  was  within  the  1.0  nmph 
allowable  error.  A total  of  17  navigation  performance  runs  were  made  during  inte- 
gration testing.  1-  nsi-mble  position  and  velocity  errors  wore  wi'll  xvithin  (approxi- 
mately one-hall)  the  contract  reciuirement  and  goals.  Ihis  pc'rformance  is 
summari/ed  below. 

;{ 
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I ndi  i-  Task  2,  ICsl  :m(l  I'vakial ion,  fc.sl  plans  vvao'c  prepared  and  submitted 
in  April  lilTii  as  C’DMl.  Item  AODl),  The  test  plans  were  the  MICRON  I PM  Inte^;ration 
l est  Plan,  the  MI'SC  l est  Plan,  and  the  A77M  Aeeelerometer  I'est  Plan.  A test 
plan  lor  !■  PM  Iabt)ratory  testing  was  prepared  and  a partial  sul)mittal  made  in 
I'eliriiary  1!)77  as  CDKl,  Item  .XOOI).  Due  to  the  revised  eontraet  stateaiient  ol  work, 
the  remaining  portion  of  this  test  plan  aetivity  was  stopped.  I'.nder  the  l)e^■elopmental 
Test  sul)task,  all  parts  reeeived  from  the  second-sou I’ee  wi'i’e  e\alualed.  Component 
level  evaluation  showed  that  all  parts  were  };ood  for  instrument  use  with  reffard  to 
si/e,  roundiiess,  surfaee  finish,  and  {ri-m-ral  intepirity.  'luo  j^yros  were  asseml)Ied 
usim^  seeond-soui'ee  rotors  and  cavitic'S.  Prc'funetional  tests  and  four  eomplc'te  sets 
of  ans;U’  and  drift  calibrations  were  performed  on  each  of  the  two  instruments.  Both 
>;yros  sueeessfully  met  the  repeatability  test  I’equiremimts.  Foul'  rotors  and  two 
cavity  sets  wci'e  reeeived  from  CSDl.  in  February  1!)77.  .Assembly  ol  thesi-  parts 
into  the  Ml-SC  configuration  was  initiated  but  further  activity  was  terminated  per 
the  Kef  7>  revised  statement  of  work. 

Fnder  Task  d,  Suiiport  Hardware,  a cost  effective  tool  for  software  (ievidop- 
ment  and  eheekout  was  created  by  converting  the  existing  .MICRON  test  console  and 
processor  to  a Software  Test  Station.  The  station  was  completed  in  December  i;)7r) 
and  was  succes.sfully  used  for  software  de\’elopment.  Design,  fabrication,  and 
checkout  of  all  the  electronics  test  e(|uipment  for  hybrid  and  MLB  functional  and 
screim  testing  was  successfully  completed.  DPI'  test  eiiuipment  and  software  was 
developed  under  this  task  as  well  as  various  test  aids  re<|uire(l  to  support  integration. 
A Cl  specification  was  prepared  to  define  the  FP.M  .System  Test  .Station  (STS). 

Design  ami  fabrication  of  the  STS  was  completed  making  maximum  usi-  of  laiuipment 
from  previous  MICRO.N  contracts.  The  STS  was  successfully  used  in  inti-gration 
testing  of  the  1-  P.M  system.  Repair  activity  includial  repair  of  Nn7.\  and  Phases  2.\ 
and  2B  hardware. 


Fnder  Task  I,  .Air  Force  Flight  lest,  no  activity  was  planned  for  Phase  2B. 

Fnder  Task  5,  System  Management,  10  informal  design  ri-views  and  one 
Phase  2B  Fee  Fvaluation  Design  Review  meeting  were  condueti'd  at  .Autoneties.  1 he 
MICR()N  Phase  2B  Program  Plan  was  prepared  and  submitted  in  SepteinlK'i'  1!>7.~). 

.A  detailed  work  breakdown  sti'ucture  was  prepared  ruid  submitted  in  .August  107.7  as 
CDRI,  Item  AOOd. 


Aiiloin't ic's  pr()\itli'il  support  to  the  associate  contraclors  lor  MlrSii  second- 
source  and  non-dcst met il)lc  rotor  and  cavity  I'lToi-ts.  lU’viscd  flrawiiifis  and  spccili- 
cations  loi-  Ml  S(i  rotors  and  cavities  were  sul)mittcd  as  rcciuircd.  Drawings, 
spccilicat  ions,  and  manuals  di-sc  rilling  the  Autonctics  owned  Automatic  Cavity 
Crimli  r were  submitted  in  l'cl)ruary  lt)7i'>  :is  CDUl.  Item  AODll. 

During  the  pi-riod  a Aufiaist  tlu'ou)j;li  .'iO  Scptcmbc'r  IDTa,  contractual  cost  of 
ownership  activities  wci'e  i)erloi‘med  in  sup|)ort  ol  the  1- PM  desi^vn  task  l)y  ti-adin^ 
olT  producihility,  relial)ility,  and  tnaintainability  parameters.  A parts  prof^ram  was 
also  c-ondueded  duriiifX  this  period  to  support  the  cost  of  ownership  team  in  the  selet'- 
tion  ol  pails.  Also  under  this  task,  the  developments  (initiated  under  Phase  2A)  ol 
the  M()S  A 1)  converter,  spin  motor  control  circuit,  and  INI'  M()S  chips  wci’e 
comiilelc'd. 

Ciuli’i’  Task  <>,  Data,  s’2  Phasi’  '21i  data  items  wao’e  submitted.  .N  list  ol  these 
data  items,  alon^i  with  the  submitUil  (kites,  is  };iven  in  Section  7. 


A complete  schedule  of  tlie  major  milestones  of  the  Phase'  2B  pronnim,  by 
task,  is  ffivc'ii  in  Section  10. 


SECTION  II 


TASK  1.  PRIME  MISSION  PRODUCT 


1 ASK  1.(1,  MICRON  SVS'l'KM  SI’KCIKK'A  ITON 

ITidcr  ImsIs  1.(1,  Aulonclics  (kncdoix’d  a MICR()N  System  Speei I'ieat ion  which 
d('sciMl>es  tlu'  yiMU'i’al  physical,  electrical,  and  mecdianical  interlaces  Ix't w cen  t h(' 
Ineilial  Navigation  Cnit  (INC),  Ini'ilial  Navigation  Hatterv  Knit  (INIU’),  Hatlery  I'nit 
(Itl'i,  Control  Navigation  I’ancd  (CNI’),  and  System  lest  Station  (STS). 

I'he  MICH(>N  System  Specification  (AdOOnss)  was  submitted  in  November  litTa 
as  CDRI.  Item  Anns.  This  specification  was  reviewed  at  the  Dt'ccmbei'  I!)?”)  informal 
design  review  and  was  found  satisfactory. 

I hc  eb'ct  rical  i nte reonnect  s between  t he  INC,  INIU',  lU',  CNP,  and  S I'S  arc 
shown  in  l-inure  1.  The  detailed  siynal  interface  and  mechanical  interfaces  are 
also  included  in  the  svstem  speei fiiait ion;  however,  they  arc  not  rcpi’oduccd  here- 
and  the  reader  is  releriaal  to  the  specification  for  details. 

2.1  lASK  1.1,  INKRI  IAI  NAVlCAl  loN  CNTT  (INC) 

In  Task  1.1,  Autonctics  coniluct('d  an  error  analysis  and  developed  an  error 
budget  for  the  INI  , developed  an  INC  specification,  designed  and  developed  the  INC, 
developed  detail  d(‘sign  specifications  for  the  INC  SRC's,  and  designed,  developed, 
fabricated,  and  testc(l  SRC's  and  spares  for  the  INC.  MCSC  parts  to  support  second- 
source  and  non-dest  ruct  ible  gyro  efforts  w ere  also  fabricated  under  tliis  task.  These 
activities  arc  discussed  in  detail  in  the  following  sections. 

2.  1.  1 I.NC  Error  .Analysis  and  Krroi'  Hudget 


2.  1.1.1  Objective 

The  objective  of  this  task  w as  to  use  tlu'  error  analysis  programs  devclopcal  undi' 
previous  contracts  for  accui'atclv  ivredicting  the  pcrfoianancc  characteristics  of  tlu' 
Engineering  I'rolotyjjc  MICRON  (ECM),  and  foi' allocating  subsystt'm  crroi- budgets 
such  that  the  ECM  system  will  meet  its  performance  rcf|uir('ments. 

2. 1.1.2  Background 

Cndcr  previous  contracts,  a computei'  program  had  beim  developed  for  ci’ror 
analysis  of  strapdowii  ESC  navigation  systcmis.  This  program  utilizes  the  gciu'ralizcd 
error  analysis  program  for  State-space  Analysis  of  Multi -sensor  Systems  (SAMI'S), 
which  had  been  develoix'd  at  Autonetic's.  The  specialized  models  lot  strapdown  ESC 
errors  had  been  (k'veloped  for  the  specdfic  application  to  MICRON  under  c'ont facts 
in  previftus  development  phases.  These-  models  characti-rizi-  the  errors  of  an  in- 
strument configuration  "strapped"  to  the  airframe,  but  with  the  spin  axes  of  the  two 
ESC's  unconst raine-d  from  maintaining  fixed  ineilial  directions.  The  models  take 
into  account  random  attitude  variations  about  the  flight  path,  and  the  changes  in  mean 
attitude  with  changes  in  the  flight  path.  This  error  analysis  program  had  bet-n  used 
in  developing  the  NfiTA  error  budget,  and  in  developing  Hit-  i-rror  analysis  for  prelim- 
inary dt-sign  undt-r  Chase  2A.  Mowevt-r,  fht-  MICRON  (x-rformance  r(-((uirt'm(-nts 
wert-  changf-d  at  the  start  of  Chase  2H. 


rhf  I'l’M  pi'i'ronniitu't'  r(‘(|iii  |•(’m<’nl  < set  I(ii1h  in  ihc  {'ont  ntcl  Stntcmcnl  ol  vVoii 
iii'i'  siimm;ii'i/('<l  in  I I.  rite  position  ;iccn  I’ncy  |•(•(|ni  |•(■nl<■nl  s iii'c  consistcnl  v^illi 

ti)c  roqtii  |•<■n)<■nl  s imposoil  diirini;  I ho  MK’HttN'  I’hnso  2A  dosiHTi  period,  which  :i  re 
siinHiKi  ri/od  in  r;il)lo  'J.  I ho  volooit\'  nooiii'iiov  rofini  I'i'mont  lor  I’lriso  liH  is  tnoro 
so\('r<',  however.  It  is  tnoro  socoro  in  lw<»  respect  s: 


I ho  now  ro<|Ui  n'lnont  is  (or  "ponlv  otisotnhlo  rnis  colocdi  v error",  w hich  is 
the  penis  value  in  tlio  ('ns('ml)lo  rms  velocity  error  curve.  The  Phtise  2A 
rt'qiii  rement  was  imposi'd  on  the  "time-rnis"  value  ol  t he  nns  error  curve, 
which  will  always  he  snialU'f  than  the  peak  value.  The  peak  vtiluc  on  the 
rms  velocitv  I'rror  curves  (7.  I Ips  per  axis)  w;is  tihoul  10  percent  lart^er 
than  the  time-rnis  value  (a.  2 Ips  iter  axis),  0-2  hr  (Ref  2,  p.  17).  Con- 
se(|uentlv,  ')  Ips  "tiiiK'-rms"  would  correspond  to  about  7 Ips  "pe:ik 
ensemble  rms"  vidocitv  ('rrors. 


2.  The  iK'vv  re(|ui renu'nt  is  lor  2.0  Ips  versus  the  Phase  2A  rc(|uircmcnt  ol' 
.7.  0 Ips. 

Combining  ell'ects  ol  tl)  ;ind  t2)  yivdds  ;in  el’lectivt'  reduction  of  four-sevenths  in 
allowed  velocitv  errors  (from  7 fps  "peak  ensemble  rms"  to  2 Ips  "peak  ensemble 
rms,  " or  77  pv'rceiit . 

TAUI.K  1.  Sl'M.MAHY  Ol'  PllASP  2H  I'PM  PKRl't iHMANC' K UFt^riRFMKN  TS 

(to  be  \ crificd  by  F rror  .Analysis) 
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' Inlerjtreted  ;ts:  least-stpitires  strtiif’ht  line  fit  throu)ih  origin. 


•‘.After  stored  hetnlinj;  .‘iliitnment.  (()th('r  rfxiui remenls  are  after  KVt’ocomptiss 
tilienment) 


lAlU.l.  SI  MMAliVOI  I’llASK  li.\  I'l  1{I'()I{\1AN('1':  Kl.C^T  lUhMl.N  IS 
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1 ('.ate'yon- 
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This  .'>7  pr-rct'iil  i'('(lucti()ii  in  iillowf'd  vclocily  (‘iTor^  bftwf'cn  I’hiisc  2A  imd 
I’hnsc  LIII  i>  the  single  most  dilficult  r<K|iii r('tiH‘nt  to  nu'ot  tlirounh  ro;distic  orror 
hud  Lift  illy,  riu'  roason  that  this  i rniinu  ('moiit  is  particularly  difl'icuilt  to  achi('\<‘  is, 
ossc'iUially,  that  7 Ips  jx-r  a.xis  jioak  ('usomhlo  rms  velocity  error  is  more  consistent 
with  1 nautical  mile  jx'r  hour  Cl-'l’  rate  lor  the  error  characteristics  of  a strapdown 
>yst('m  such  as  M1('K()N,  for  exam(>le,  tiu'  (-rror  analysis  and  error  hudyet  de\’elop(‘d 
duriny  Phasi*  lA  d(>\  (dopment  had  preiiicted  pt'ak  ensemble  rms  velocitv  errors  in  the 
ranye  of  li  It)  fps  per  axis,  depeiuliny  upon  the  fliyht  profile,  foi-  performance 
consisti  nt  with  1 nautical  mile  per  hour.  The-se  results  arc  summai'i/ed  in  'fable  3, 
and  are  taken  from  Ui  f 2.  The  first  lliylu  profile  is  a polsyonal  profili'  with  7U-deyree 
left  turns  e\i'r\  30  minutes,  'flu-  siwond  fliyht  profile  has  alternatiny  I'iyht  and  left 
70  (ley  turns  ever\  30  minutes.  The  third  fliyht  profile  assumes  Poisson-distributed 
turns  with  30  minutes  mean  time  betwi'en  turns,  and  headiny  chanyes  normally  dislri- 
bute(l  with  standard  deviation  70  deyriu'S. 


lAHTf  3.  PfAK  KNSfMHl.f  RMS  \'f  LdCfl'Y  l.HROHS,  PllASF  lA 


! fliyht  Path 

Peak  fnsemble  R.MS  Velocitv  f rrors 
0-2  Hr 

r 

1.  (Circulaia 

0.0  fps  per  iLxis 

2.  (Ziy-'/ay 

0,  2 Ips  pi'r  axis 

3,  ( Random  Turns) 

0.  0 fps  |)er  axis 

I'he  empirical  relationship  of  peak  ensi'inble  rms  \elocity  error  to  (’HP  rati'  is 
shown  in  Fiyurc  2,  in  which  the  peak  ensemble  rms  I’elocuty  (‘rror  is  plotted  \-crsus 
('HP  rate  for  the  two  .\.")7A  systc'ms  testeil  by  Rockwell  fliyht  Test  Operations  at  l.os 
■Anyeles  International  .'\ir|)ort.  I'he  "sampli'  si/cs"  for  tlic'si’  statistics  were  tlu'  followiny 

• 7 fliyhts  with  .\  .a7.^- 1 

• .)  fliyhts  with  .\."i7A-2 

These  results  indicate  a ratio  of  (leak  ensemble  rms  ^rdocity  erroi's  to  (T-.'P  rate  of 
about  10,0  fps  (per  luxis)  to  1.0  nauticid  mile  per  hour.  On  the  basi  . of  this,  one  miyht 
expect  that  the  le\('l  of  position  accuracy  performance  consistent  with  3.0  fps  peak 
ensemible  rms  velocity  error  for  NfiTA  is  about  0.3  nautical  mile  pen’  hour,  t’fP  rate. 
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I'iiliirc'  i’(Mk  I'nscnililc  MMS  X olocity  I'rror 
\ ('rsiis  CI  I’  IJalc  lor  1,.\\  'l  osts 


I'lu-  priiiiarv  roason  tor  tho  iiu'on.si.stoiU’X  of  1 naulit-al  milo  per  hour  Cl  1’  rale 
with  .'{  te«'t  per  seeoiid  peak  eiist-itihle  riiis  \i'loeil\  error  (jier  axis)  is  that  MICllON  is 
a strapiiowii  sV'-tem.  Its  sensor  input  axes  tire  body-fixed,  so  Ihtif  tlu'ir  inputs  ehanye 
vtilue  witli  headinu  ehannes  of  lhc‘  host  \elii(  Ir-.  I'here  tire  output  error  nieelitinisnis 
(such  tis  IMA  or  Mf  SC  setile  ftudoi'  error)  wliieh  etuise  ehtiiiKes  in  the  senst'd  tieeelerti- 
tion  under  these  conditions.  ( 'onsrfiuently , si'iisc'd  tieec'lertition  errors  tire*  induced  liv 
lietidiny  ehtinpi's.  Thc'se  sintill,  rtindoin  stej)  ehtinnes  in  tiect'lfM’tition  f>rror  htivc'  ti 
more  sipTiifieant  first  inteural  (veloeil\'  error)  than  st'cond  inteprtil  (iiositioti).  .Xlso, 
ti  siynifietint  lietidinn  (ditmue  is  likely  to  occur  hetwf'en  tili';nmenl  tind  the  cruise  portion 
of  flif^ht.  I'his  hetidinj;  chtiiiite  litis  tin  immediate  rd'fect  upon  tehu-ity  errors  (‘itrly  in 
the  na\ i);tition  period.  .As  ti  result,  this  typi*  of  error  mechtinism,  which  is  chti riieteri stic 
of  strtipdown  systems,  has  ti  morf-  siitnifictmt  effect  upon  \ eloeity  ('rrors  than  upon 
[Misition  ('rrors. 

Hy  conti’tist,  the  sensor  initut  axes  in  ti  ^imljtillc'd  inertitil  system  tire  isoltit('d 
from  hetidiii);  chanjj;e.s  by  the  );imbals.  t'liis  remove's  the  ('I’ror  mechtinisms  whicli 
etiusf'  di sproporliontit('  velocity  ('rrors  in  tlu'  strtipdown  sysle'm.  In  these  systems, 
th('  errors  tire'  more  likely  domintited  bv  drift  ('rrors,  which  ttike  longer  to  ticcumultite 
tis  ti  se'cond  intf'urtil  to  ve'locity  errors.  Cons('<|U('nlly,  the  nimbtilled  ine'rlitil  sysle'ms 
can  achieve  a smtiller  ratio  of  velocity  errors  to  position  ('rrors,  with  the  tidde'd 
complexity  and  weight  of  the  nimbal  structure'. 

1’.  1.1..T  Aitproticl) 

During  tiu'  prev  ious  contract  iihase  the  dcsijfn  of  the  KPM  sensor  hardwtire  and 
('lectronics  htid  b('en  purposely  diri'ctcd  to  meet  the  Phtise  -.A  perfornitinee  rt'quirements 
tit  the  lowest  estimtited  life-eycle  co.st.  Const'quently,  there  is  little  performance  "over- 
desiKn"  lh..l  ctin  be  counted  upon  to  help  meet  the  reduced  velocity  error  allowance. 

Instead,  the  only  sy.stem  chaiiftes  thtit  ctin  be  proposed  tire  meehaniztition  chaiiKes  in  the 
htirdwtire  or  softwtire.  One  such  mechani/tition  is  the  "self-ctilihration’’  mechtini/.tition 
which  litis  been  (h'sifined  into  the  Kl’M  hardware,  but  has  not  been  tested  or  (Otherwise 
evalutited  in  terms  of  its  imptict  upon  velocity  errors.  He-orienttition  of  sensor  axes  is 
tmother  iwissible  mechtmi/.tition  chtinge.  .A  possible  software  meehtinization  chanjic  is  to 
develop  tilnorithms  for  detection  tind  correction  of  errors  which  cause  tinjile  retidout 
bias  vtirititions  at  twice  the  denuKlulator  output  "slip"  frequency.  ( These  are  the  error 
nu'chtmisms  modeled  by  the  so-etilled  "denutd"  calibrtition  parameters.) 
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riu'  pr(ii><)sc(i  Mi)pi’():u'li  foi’  meeting  t lu‘  velocity  pcrforTiKincc  requirements  \\;is; 

(1)  ix'i'form  error  umilyses  wliieh  identify  the  miijor  error  meeh:misms  produeinti  the 
l>(\ik  ('tismnhle  rms  \('loeity  errors,  (i*)  investigate'  nu'cliani/.al ion  ehannes  uliieh 
would  reduce  the  e'fleets  of  t lie  dominant  eri'or  mechanisms,  (.‘ii  perfoi'm  error  anahses 
to  det  ermine  t he  i mpaet  ol  the  i mprovemeiit  s , Hi  redet  ermine  t lie  dominant  er  I’or 
mechanisms,  and  (a)  i-eturn  to  step  (11)  and  iterate  until  the  objective  has  b('en  achieved 
or  until  no  fuilher  improvements  can  be  made. 

riu'  basic  tool  iisc'd  for  error  anaivsis  and  development  of  an  error  budget  is  the 
SAMI  S prov;ram  (Mf'f  This  is  a modularised,  i>eneral -purpose  program  for  r'rror 

anaivsis  of  a wide  variety  of  f'stimalion  aiul  control  lU'oblems.  There  is  a subset  of 
tlu'sf'  module's  which  is  spe'cifieally  dc'siittu'd  for  implementini;  the  state  dynamics  and 
sf'nsor  eharaetf'i'isties  of  strapdovvn  systems  in  the  airerrd't  "ei'uisf'"  f'livironnu'iit. 

This  subse't  of  modules  had  Ix'f'ii  eompib'd  and  exeeute'd  on  tlu'  lUM  liTO  ope'ratinu  system 
at  the  Corporate  Computing  Center,  and  the  control  deck  setup  had  been  developed  for 
modeling  MICKON  errors.  ’This  effort  h.id  been  completed  under  previous  contracts, 
and  the  source  decks  foi'  these  modules  had  lieen  saved  on  punched  cards  and  on  maf;- 
netie  tape  during;  Phase  2.\.  Also,  a spi'ciali/.t'd  "post  processor"  program  for  error 
budget  evaluation  anti  output  formattin^t  had  been  developed  and  saved  on  cards  ;md  tape. 

TIU'  ft'asibility  of  imph'nu'iitinn  tlu'  S.AMI  S pronram  on  tlu'  eomputf'r  systems  in 
tiu'  MICU().\  laboratory  was  invf'stinated,  to  see  if  the  cost  of  eonvu'rsion  could  be 
saved  in  flirf'ct  ehar(;es  for  eomputt'i’  sf'i'viet's.  It  appf'ared  that  the  program  size  was 
within  reason  for  implementini;  with  "ov  ('flays"  on  the  IIPlMOi)  system.  However,  there 
would  b('  eonsiderablf'  recoding  r('quii'('d  foi’  eonvc'rtin^  tIu'  IBM  Fortran  to  ANSI  Fortran, 
and  SOUK'  subroutiiu's  would  hav('  to  Ix'  eonvu'i’led  from  IBM  li7b  assi'inbly  lanituaije  to 
I1P210()  assembly  lannua|;e.  It  was  fi'lt  that  the  ('ffort  and  risk  rixjuirc'd  for  recodint; 
and  eiu'ckout  ol  a pronram  of  such  si/('  and  eompU'xity  was  not  eomnu'iisurati'  to  the 
expi'cted  sav  ings  in  computer  ehart;('s.  Consequently,  the  program  was  kept  on  the 
IBM  liTO  system. 

Th('  Phase  2.\  programs  had  Ix'eii  (k'Vi'loped  for  ('rror  analysis  of  a system 
eontaininy  the  MF.SCi.A  ( miercx'H'ctrostatie  nyroseope  aec'c'li'rometc'n  multisensor. 

It  was  first  lU'Cf'ssary  to  modify  the  error  models  and  i)ost-proe('ssor  to  modc'l  tlu' 

('rror  eharaet('risties  of  the  thr('('  eleetrmna^netie  aee('l('rom('ters  (FMA)  in  place  of 
the  Ml  SCA. 

The  MFSCA  error  budy;et  is  shown  in  I’abU'  1.  Many  physical  error  mechanisms 
ar('  list('(l  which  cause  acceleration  error.  I’hese  ('rror  mechanisms  produce  three 
types  of  effects  on  aeeleration  readout;  - bias  error,  sealefaetor  error,  and  input  axis 
misaligniiu'iit  ('rror.  These  errors  app('ar  (Hiually  on  the  uyro  x,  y,  and  z ax('s. 

(OtlH'f  ('fH'cts  ar(',  of  eours('  pr('S('nt  but  are  considered  small  and  not  included  in  the 
error  bu(ln('t.  i 

Ttx'  IMA  error  liuduct  is  shown  in  Table  .A.  Tlu'  same  three  efk'cts  arc' 
modelled.  The  FM.A  input  axes  are  eoliix'ar  with  the  nyro  x,  y,  and  z axes. 

The  sensed  aee('l('ration  ('rror  on  tIu'  ith  axis  |i  x,  y,  z)  is 

A,  A.  • K.A.  - (sin  ) A,  ■ (sin  (f).,  ) A. 

I i i 1 n k ik  I 

w here 

(i,  j,  k)  (x,  y,  z),  (y,  z,  x)„  (z,  , y) 
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lAIU.K  1.  MKS<;A  KHHOH  lU  DC.F'r 


1- ri'or  Mt'c’lianisiii 

l•.lfeet 

bias 

Repc'atability 

Seale  Fac-tor 
RepeatabiliU 

I’rt'load  Ctiai’iic  \ ariation 

S.  1 

20,  1 ppm 

Kotor  Misi'cntorins; 

20,  1 |)pm 

(iap  Mrasiirniirnt 

S.  1 ,,ir 

20,  1 ppm 

Rotor  t'liart;('  Mrasurnm'nt 

1 /iU 

0 

Stray  t'apai-itanco 

H.  1 pjr 

20.  1 ppni 

I’ropajiation  Dolay 

'<•  > t‘ii 

0 

Itisr  I'i iiu'  W'lriation 

H.  1 iiiT 

0 

Diftiti/rr  Flec-tronics 

10.0  pu 

20,  0 ppm 

Sid)total  (RSS  of  till-  above) 

15,  1 ppm 

Seal*'  I''actor  Stal)ility 

1 a ppm,  r liO  min' 

A\i>  Misalignment  Itepeatability 

10  sec 

bias  Thermal  Transient 

s.  1 ;,)>■,  • 7")  see'' 

Seale  Faetor  Thermal  Transient 

20.  \ 

L_.. 

ppm,  r 75  see*' 

TAMI.K  5.  KMA  KKKOR  lU'DCKT 


Frtajr  T. fleet 

MaftniUide 

Seal€‘  F.aetor  Re|)eatibility 

50,  5 ijpm 

Seale  Faetor  .Stability 

15.0  [)pm. 

20  min' 

Axis  Misalignment  Repeatability 

2 see 

bias  Repeatability 

57.  5 //R 

bias  Thermal  Transient 

5 PH.  ^ yo 

see  * * 

Seai(>  T'aetor  Thermal  Tiainsient 

«)0 

Sl'C'  • 

First  ordf'r  Markov  process 
Fxpoential  docay  to  /.vro 


and  Aj  l)ias  rrror 

'■  K.  '^calc  factof  ('fi'or 
1 

(j)..,  o..  input  axis  niisali^;nnif'nts  alxnit  axrs  j anti  k rosprH-ti vrl v. 

1 1 i l\ 

Aiaa'lrrnnu'tcr  bias,  scali'  factor,  and  axis  misalignments  arc  estimated  diirinu  system 
calibration  and  the  resulting  parameters  are  used  to  compensate  the  accelerometer 
data,  l lierefore,  the  wliole  value  bias,  scale  factor,  anrl  axis  misalignments  do  not 
produce  accel ('ration  errors  under  operational  conditions.  .Acceleration  errors  are 
produced  l)y  error.'  in  estimating  the  parameters  duriiii;  system  calibration,  by  changes 
in  the  instrunu'nt  parameter  values  after  system  calibration,  or  by  an  unpia'dictable, 
random  variation  in  the  true  value  of  the  parameters. 

Hepf'atabil ity  errors  listed  in  the  error  budf;et  describe  the  paranu't('r  shift  after 
'Vstem  calibration  and  also  the  errors  in  measurinf;  the  parameters  during  system 
calibration.  The  p-arameter  shift  is  assumed  to  occur  at  system  turn  on  and  the 
parametf-r  values  are  constant  during  periods  of  system  navi^^ation. 

Scale  factor  stability  (U'seribes  the  random  scale  factor  variation  during  periods 
of  system  navigation.  It  is  modeled  as  a first  order  Markov  process  with  an  exponential 
autocorrelation  function  o(’l'). 

( I 2 - It  I ' T 

o(  l')  K • 6K  (t)  6K  (t  r)  > <I  C 
Is  s Is 

where  K..,(t)  is  scale  factor  stability  error  at  time  t,  K {•(  is  "expecU'd  value  of", 
is  file  scale  factor  stability  variance,  and  t is  the  time  constant.  The  error  is 
modeled  by  the  di fferc'iitial  ('(giation 


(-Vr) 


6 K u 
s 


■ here  u is  white  noise  with  power  spectral  density  amplitude  T.  State  variable 


is  initialized  with  variance  a^-. 


Bias  and  scale  factor  thermal  transients  describe  errors  that  only  persist  for 
tlie  first  few  minutes  after  system  turn  on  and  are  due  to  thermal  gradients  that  have 
not  stabilized.  The  magnitude  of  the  error  decays  exponentially  to  zero 

-t/T,,., 


a^.I.(t.  '^.,,(0,c 


-‘'^sT 

'J  ...It)  .,.(0)e 

si  si 

where  '’^•jdt)  and  variances  of  the  bias  scale  lactor  thermal  ('rrors  at 

time  t and  t ....  and  j ...  are  their  time  constants,  respi'cti vely . The  ('rrc.'rs  are 
A 1 si 


modeled  by  the  differential  (“(luations 


rlu'.sr  1;m.\  1‘fi'ur  iiuidi'ls  Wfi'i'  llu'ii  imijk'ini'nli'd  in  tiic  SAMI  S deck  setup  ;ind 
MTil'ifd  l)\  repi  atiii};  :i  segiiient  ot  .1  f'liftlit  pfcjiilc  used  in  \57A  e rror  ;in;ily.si.s  uitii 
I.MA  I ri'or  models,  in  this  uay,  the  system  piTlurmanee  sensitivitii's  t(i  the  I-,.MA 
I'rroi'  tiTins  eoiild  he  etmiparetl  one-to-one  to  those  obtained  from  llie  NaTA  results. 

1 lu'  post  proec'ssor  |)rof;ram  multiplies  the  error  staisitix  ities  fteru-rated  by  tlie 
S.AMI  S program  witli  the  rms  r'rror  budf^et  terms,  eomput('s  the  rs-  of  tlu‘  resulting 
errors,  and  foimiats  and  prints  tlu*  results.  The  seetion  of  the  post-processor  which 
proeessf's  th('  acceleration  sensini^  errors  was  r('prof;i'ammed  to  us('  the  a[)propriate 
(>rror  sf'nsiti\ity  terms  and  error  budget  terms  for  the  K.MA  modeds,  ;md  the  output 
formatting  was  reprogrammed  to  anree  with  these  eoinentions. 

rlu  flifiht  profill'  assunu'd  for  the  error  analyses  was  not  chan^ted  from  I’hase  2.\. 
This  is  C’Ki  TI  INS  Route  (>.  which  originates  at  Holloman  .A  I'H.  l.NS  Route  (i  normally 
returns  to  II.Al'B  from  Bakersfield.  California.  The  flight  profile  was  I'.vtended  to 
Sacramento,  California  and  back  to  llAI-’B  in  ord(>r  to  allow  a longer  navigation  period. 
The  resulting  flight  profile  is  sumniari/.ed  in  Table  f). 


TABl.F  (i.  SKCMFNTS  APPROXIMA  TINC  INS  ROl  TK  NO.  d 


Segment 

1 luration 

(sec) 

Heading 
( i leg) 

\elocity 

(fps) 

Destination 

1 

.Tii; 

0 

0 

(Alignment,  Holloman  AFB) 

•> 

(10 

1(1.0 

220 

(Filter  .\av.  Takeoff) 

2 

(lOO 

220 

400 

Fas  Cruces,  .New  .Me.xico 

1 

1 SOO 

2<17 

T.'i.o 

Tucson,  Ari/ona 

.*> 

000 

.'too 

7:i.o 

(dia  Bend,  Arizona 

r 

1 SOO 

200 

7:i.') 

Miramar  NAS,  California 

7 

IkiOO 

;i20 

72.0 

Sacramento,  California 

_ 

(1000 

.•h'i 

7 .'if) 

......  - . - 

1 loHonian  A FB 

2.1.  1.1  Results 


The  Pliase  2A  I'rror  Budget  was  used  as  a starting  point  in  evolving  an  error 
budget  that  would  meet  the  Pliase  2B  performance  riHiuirements.  This  will  be  called 
a ''candidate  error  budget"  (CI-iB)  because,  at  the  start,  it  does  not  meet  the  system 
performance  requi rements. 

After  the  SAMIIS  program  liad  been  modified  for  TiMA  sensors  and  checked  out, 
the  KMA  error  budget  shown  in  Table  5 was  substitiited  for  the  MKSCiA  error  budget 
in  the  CfiB.  Also,  some  of  the  thermal  time  I'onstants  and  estimated  rms  magnitude 
of  thermally  sensitive  error  sources  were  upilated  to  agree  with  results  of  thermal 
tests  and  changes  in  system  thermal  control  reiiuirements  since  the  Phase  2A  error 
budget  h.'id  been  completed.  The  resulting  CI'!B  is  given  in  Table  7. 


IT) 


Frror  Source  I uits  IVaduetcd  HMS  \'alu(*  (Per  Axis) 


l ilt'  fsliniMtcd  |)(';ik  (>iis('ml)lf'  I'nis  Nclocity  rrt’Df  in  tiu'  lirsl  tuo  hours  of 
n;i\i nation  with  tliis  (>rror  hud^ot  is  I Ips  ipor  ;L\is).  This  peak  occurs  at  al)oul 
.'id  minutes  after  tIu'  start  ol  navigation.  Ity  conti-ast,  tlu'  f'stimatcd  time-rms  \(docity 
cri'or  and  Cl'l'  rate-  for  this  cri'or  l)uduct  are  1.  7>  fps  and  D.  T.'i  naluical  miles  per  liour, 
)'espeeti\ (dv,  I lir.  I'his  Icwcd  of  performance  in  velocity  (dearlv  (iocs  not  meet  the 
Phase  IJl!  r('(pii  |•emenl  s. 

\ tabulation  of  the  ( I P contributions  to  peak  ensemble  rms  \elocit\  was  prepared, 
.and  i'c\ii  wt(l  loi'  tin.'  pur|)ose  of  identihiiij;  budni'ted  wdues  that  could  reasonably  l)e 
rcduceil.  I'his  la-v  icw  included  the  responsible  f.MA  and  Mi;S(i  cnt;ineer.s  and  I'lee- 
ti'onics  desiyiii'i's.  fonsidi'i'able  scrutin\  was  applied  to  all  bud^eti'<l  \alues,  with  the 
purposes  of  ideiitifx  in^  how  well  all  subsxstems  were  capable  of  meeting;  theii'  re(|uiri— 
ments.  ami  of  ii'ducin^  tlu'  Uwi  l ol  allow abU'  tolerances  wherevi  r |)ossibU'.  'J'he  most 
sijinilicant  contributions  to  peak  ensemble  rms  \i'locit\  at  that  time  were  I'  .MA  errors. 

■J  he  most  significant  result  of  this  review,  and  of  sub.se(iuent  internal  I'eviews,  was  the 
finding  that  tlu'  demonstrated  axis  misalignment  stabiliU’  of  li.M.Vs  (2  arc-see)  was  eon- 
sidi'i'ablx  better  than  thi'  I'rror  budget,  whik'  ihi'  scale  factor  stabiliU  requiri'ment 
(.■)(>.;!  ppm)  max  be  iliffii-ult  to  achievi'.  In  tlie  Ph.asi'  2.\  desigai  of  the  I'.M.-N  ''cluster", 
l ai'h  I',.M.\  input  axis  is  about  a.')  degrees  fi’om  xi'rtieal.  In  this  oi-ientation,  the  output 
ci’i’or  is  particulai'lx  sensitixe  to  scale  factor  I'ri'oi'  (because  the  iniHit  is  mmiinally 
about  O.ti  g's);  moi'i'  so  than  to  axis  misalig)i)m')it . Iloxvi'ver,  il  the  elustei’  xxere 
tilti'd  doxxn.  so  that  two  I. M.\  input  axis  were  a|)pr()\imatelx  horizontal,  thoi  the  out[)Ut 
errors  would  bt'  slightlx'  moi'e  siaisitivi'  to  iniiut  axis  misalignment  instability  and 
signifiea))tlx  k ss  sensitixe  to  scale  facto)'  instjibilitx  . 

The  S.'XMl  .S  (k'ck  setu[)  w;i.s  m()difi«'d  to  exailuate  the  expeet('d  ei'ror  chainicteristics 
of  a MICliiiN  system  with  the  f^MA  clustei’  re-oriented  in  this  manner.  Thf'  rmror 
;inalysi.^  predictf'd  ;i  d«'ci’r';ise  in  the  conti’ibution  of  PMA  errors  to  peak  ('nsfunble  rms 
velocity  from  .'1.  a.')  fi)s  per  axis  to  2.  bd  fps  per  axis.  This  rccsultf'd  in  a decrease  in  the 
expected  peak  ensemble  imis  velocity  of  th(‘  syst('m  fi'om  .").  1 fps  per  iLxis  to  l.ii  fps 
pel'  axis;  fi'om  1 s()  percent  of  tai'get  (,'i  fps)  to  I hO  perci'iit  of  tai'get. 

.\s  a I'l'sult  of  this  analysis,  thi'  design  change  xvas  I'ceommi'iided  and  imiiU'- 
mented.  That  is.  the  l.M.N  clustei'  xv.'is  I'e-oi'ienteil  with  txxo  input  axes  neai'lx  hori- 
zont.'il.  It  is  not  ilesi I'.'ible  to  h;ixe  either  input  axis  too  close  to  hoi'izontal.  because 
the  near-zei'o  outijut  I'ate  causes  (|uantization  noise  sufficient  to  degrade  alignment. 

\fter  this  change,  the  I'Stimated  (’I- I’  I'.-ite  xvas  0.72  nmi  per  houi',  although  the 
xelocitx  erroi' xxas  still  outside  itsspecified  I'ange.  The  S.AMt  .S  pi'ogram  was  used  for 
itlentifieation  of  the  most  significant  contributors  to  the  pixik  i-nsemblc  rms  velocity. 

Ml  error  souri'cs  xxhich  contribute  O..")  fps  or  more  to  the  rss  total  an-  shown  in 
fable  s.  I he  rss  of  the  fi  I'sl  lUtei'ins  is  (.0  fps  per  axis,  I'he  rss  of;ill  oth('r 
contributors  is  only  about  1..A  fps  per  axis.  Consequently,  in  order  to  meet  the  velocity 
requirement,  sfiine  mc'chanization  improvements  had  to  be  found  xxhich  xvill  reduce  the 
rss  of  these  "top  lb”  considenihly  (from  l.b  to  2.(1  fps). 

Continued  I'eviexv  id  the  Cl-dt  for  other  mechaniz:ition  improvements,  including 
self-calibration  resulted  in  no  changes  that  wei'c  expected  to  yield  the  required  one- 
third  improvement  in  peak  ensemble  rms  velocity  errors  (from  l.b  fps  per  axis  to 
2.0),  other  than  rotation  of  thi'  instrument  clusti'i'.  This  mechanization  had  been 
tested  on  N.'<7A-2,  by  rotation  of  the  entiri-  system  i ISO  deg  ;it  about  six  degrees  per 
second.  It  resulted  in  position  error  perfoi  inanee  in  the  order  of  0.  1 nmi  per  hour 
CKI’  rate  and  x eloeity  pi'rformanee  in  the  order  of  txvo  fps  peak  velocity  error  for  the 
fir.st  1 I hours  of  navigation. 
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l AIU.I  MA.IOH  CON  ri{nU"C()HS  ro  I’KAK  KNSKMIU.K  HMS  \ KI.OCII'Y  KHIUJH 


(Ci rc.'itcsi  to  l.cast  Sitt;iiil'ifaiU) 


i:itH(  )H  S(  tl  KCK 

(’FH  KMS 
MAO.NH  1 DF 

('( IN  I KIHl  'l  lO.N  ro 
PF.\K  F.NSFMI51.F 
KMS  \ F1.0CITV 

( 1 PS  Per  .Axis) 

Ant;l('  l{('acl(nit. 

Spherical  lla rmonic’  No.  <> 

(1.  (ID!  m rad 

2. 0!) 

FMA 

I5ias  Iti'pealaliil ily 

;!7. ,.  n 

1 . 00 

Ant;le  Iteadoul, 

Scale  Fac'tor 

(1.  ooolO  pis  pt 

1 . aO 

Anjrle  Itoadout. 

Spherical  Harmonic  .No.  1 

(1.  012  mrad 

1.  10 

Annie  Heailoul, 

! Spherical  Harmonic  .No.  .'i 

0.  042  mrad 

1.11 

Drift  Kate, 

Spherical  Harmonic  .No.  (I 

0.  00.")  den  !'>' 

0.  s.") 

, Annl<‘  H(>adout 

Kandom  .Noise 

0.  .'500  m rad 

0.  7!l 

( 1 ravitv  Anomalies 

Drift  Hale 

.").  0 arc-see 

0.  7s 

1 Spherical  Harmonic  .No.  1 

O.OOd  den- hr 

1).  70 

Drift  Kale 
l^uuloni  Drift 

0.  OO.'S  den  ln' 

0.  .■)7 

Initial  Headinn 

Krror 

.'iOOOO.  arc-sec 

0. 7)1 

Aitnle  Headout  and 

Kandom  Aircraft  Motion 

0 . 01 .")  m rad 

0.  .Ml 

FMA 

Axis  Misalinnmenl 

2. 0 arc-see 

0.  .10 

Ik‘ff)rc  (Hirsuinfi  a hardware  desift;ii  ehanj^e,  discus.sion.s  were  lield  with  AI’AI.  and 
in  the  Sttmdard  Navij;att)r  Open  Forums  f)n  the  firmness  of  tlie  veloeity  requirements.  I’lie 
velocity  rc-quirement  was  considered  very  important  and  no  relaxation  w;is  forllieomintt;. 

In  fact,  the  Standtird  Navigator  r(>fiuirements  were  set  at  a sliftlitly  tip,hter  value  than  the 
MI('IU)N  Phase  215  INI’  Specification  (('DHL  Item  AimV)  rcx|uirements. 
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Since  iiist  niinciit  notation  was  tlu'  most  cost  cri'ccti\  ('  and  least  schedule  iierturljini;' 
nu'ans  of  nu'ctiiiLt  the  i’hase  l!|!  velocity  |■c<^ui rcnu'nt , a study  was  conducted  to  dct('rminc 
if  the  INT  could  111'  redi'siyiu'd  with  a rotated  instrumi'iit  cluster.  A desittn  api)roach  was 
d('\eloped  which  still  ix-rmitted  the  INI'  to  meet  tlu-  I'lli  ciueloix'  reijuircmcnts.  lAalua- 
t ions  w I'l'e  made  of  effect  s oncost  of  ow  iK'rship,  wcitthl,  reliability,  tiu'rmal  design, 
schi'dule.  and  contract  cost.  As  a result  of  these  studies 'c\  aluations,  the  i-rror  analysis 
results,  and  the  unyielding  leloeity  re<(uirement , it  was  decided  that  the  instrument 
cluster  woulil  bi-  ri'tati'd. 

With  the  ehani;e  to  the  rotated  mode,  the  systi-m  I'rrors  were  no  longer  eharaeter- 
i/.etl  by  the  error  analysis  projiram.  The  major  proy,raTn  revisions  (and  derivations  of 
error  models  for  the  rotated  I At')  ri'quircil  to  i)roduee  an  error  analysis  for  the  rotateil 
1 \r  were  substantial.  Sinc-e  the  NaT  data  proi  ided  eonfidenee  that  the  CI  I’  rate  and 
v('loi'it\'  in'rformanee  ri-quirement s would  be  comfortably  met  with  the  rotated  instrument 
cluster,  it  was  eoneluded  that  it  was  not  cost  effective  to  update  tlie  error  analysis  program. 

1 . 1 , a Summary  and  Conclusions 

The  only  performance  characteristic  which  was  expected  to  be  outside  the  I’hase 
2H  ri'fiuiremcnts  was  \ elocity  accuracy.  Hy  makiiift;  adjustmetit  s in  the  I’hase  2A  error 
nuMlels  (to  change  from  MbSCA  to  CM  A acceli'ration  sensors)  and  error  budgets  (to 
ri'fleet  desi<in  impro\ement s and  testintf  results),  the  ex'ix'cted  l)eal^  ensemble  rms  \elocity 
c-rror  was  reduci'd  from  7 f])s  to  ."i.  I f))s  per  axis.  I hi'  ri-qui rement  is  .'!.()  tps  per  axis. 

])>•  takina  ad\antaae  of  obser\'ed  liMA  error  characteristics  an<l  rc-orientat in);  the  I'MA 
cluster,  this  estimate  was  furtlu'r  reduced  to  l.d  fps  per  axis.  MI'SC  self-calibration 
was  not  ex])ectcd  to  result  in  a siniiificant  improvfmcnt  in  \-eIocit\'  accuracy,  C'ompared 
to  the  one-third  improvement  neeiled.  Till'  only  othi-r  cost  effec'tive  nu'chani/.at ion  chanac 
that  could  be  exiiected  to  yield  sufficient  velocity  accuracy  improvement  was  rotation  of 
the  Instrunu'iit  AssemI  Iv  I nit  (lAC). 

liaseil  ui)on  Id’M  test  results  with  the  rotated  lAC,  the  pi'rformancc  is  well  within 
the  I’liase  2Ii  (and  Standard  .\a\ i);at  or)  repui  reniviit  s. 

2.1.2  INC  Cl  Speei ficat ion 

An  INC  s()eei  Meat  ion  was  d(  looed  which  established  detail  INT  fuiietional, 
perlormance,  electrical,  and  plivsical  ((■(lui  reni^t  s and  eonfinu  rat  ion.  This  included 
overall  IM'  reijui  rement  s as  well  .■  s ri'oui  rej>t<mts  for  the  various  modules  and 
subelements  of  t he  INT. 

I'his  task  was  accomplishcdd^  p.  rfortniu);  the  necessarv  analyses,  tradeoffs, 
evaluations,  and  partitioniii);  tasks  to  estalilish  tlu'  INT  confiniiralion  and  re(|uirements . 

I'his  task  was  completed  and  the  KI’M  INT  (M  Development  Specification  (Adnonsp) 
was  submitted  as  ('DHL  ilata  Item  AouT  in  Novetnber  l‘,)7.').  This  specification  was 
reviewed  at  the  December  l!i7.')  informal  ilesi)’n  review  and  found  satisfactory. 


The  l.M  tT  Specification  defines  the  1 I’M  system  pttrlilionint' . functional  reiiuire- 
rnents  and  detailed  extermd  interfaces.  The  dettiiled  re((uiremcnt.s  for  etich  of  the 
functional  areas  are  enumerateil  in  the  detailed  desinn  specifications  which  are  discussed 
in  the  following  section.  The  system  is  (uirtitioned  into  the  followinn  major  flinctiunal 
arinis: 
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1.  M('rlKmic:il  Housing-  l iiil  - Mill' 

2.  S\  sl(Mii  KU'ct  roiiics  I'liit  - Si'll' 

2.  Insl  runu'nl  Assembly  I'nil  - lAI' 

1.  I )e(lie;it  e(  I I ’roeessoi'  I'nil  - DIM' 

■“).  Input  ( iiilpnl  I'nil  - l( )!' 

• I >()\\  e I'  Sup|)ly  I'nil  - I’SI' 

I'he  I'el.il  ionship  ol  lliese  units  und  ussoeiated  exlecnal  intcilaces  are  sho\\  n in 
I'iyure  .'i.  A lunelional  diagram  ol  the  INI'  is  shown  in  I'iyure  1. 

The  INI  t'l  speeilieation  combines  the  conlracl  stati-mciU  ol  work  Ap|H'tidi.\  I 
re(iiiiremcnls  with  available  I'-lli  recjuirements  into  a unitied  set  of  |•equirellU‘lll.-^. 

A major  aeli\ity  was  the  I'epartilioninf;  of  the  system  to  aeeommodate  the  I'-lii 
form  factor  and  translalinj;  I'-lli  exti'rnal  interface  I'eifiii rements  into  desit;n 
re((uirements. 

Althoiifih  not  sijecifically  a part  of  the  INT  (’I  specification,  the  area  of  didinition 
of  a [tl'I'K  philosophy  permeateii  the  systems  enfiineerinj;  acti\iU'.  Maximum  use  was 
made  of  prior  Hri'M  analysis  (based  on  detailed  failure  modes  eflecls  analysis  ol 
N'77  I'lectronics)  to  de\elop  a Hil'i-.  philosopiiy  for  the  dcsi^jn  areas  to  follow. 

2 . 1 . .'i  INI'  Detail  Design  Spec!  Heat  ions 

Hased  on  Ihe  recjui  rement  s aiul  eonfifiu  rat  ion  established  b\'  tlu'  KI’.M  INT  spc'ci- 
fication,  detailed  desittn  specifications  wei'e  prepared  for  appropriate  subidements 
ol  the  I'll’M  INT.  These  specifications  establish  funetional,  performance,  electi'ical, 
and  (ihvsical  re(|ui  retnent  s and  configuration.  Detail  design  spi'cifieations  wcri' 
prepared  lor  the  followinft  KI’M  subele  nts; 

1.  Mechanical  Mousing  I'nit 

2.  Suspension  and  .MDM  Klecironics  Moduli'  (STir's  I and  2i 
2.  Timiny  and  Seiiuencinu;  Module  (SKC  2) 

1.  Signal  (ienerator  and  Memory  Module  (SHI'  1) 

2.  Instrument  Assembly  I'nit 
(i,  Acci'leromete  r 

7.  (’onveiler  Module 
s.  Data  Terminal  .Module 
!».  Powi-r  Suppl\  Unit 
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I’rt'liinina  r\'  (icliiil  <l('sif;n  ('ic:il  ions  wci’c  coinijlclcfl  .ind  di  st  filni(  cd  hy 

Iclton  ilui'iny  t ho  period  Iroiii  11  No\  i'ml)or  1 hT.")  | hrounh  1 Iniuinry  l!)7fi.  I'innl 
xoi'sions  ol  the  detail  <lesiiin  speei  Heat  ions  were  e()nipl('t  oil  and  disl  rihiiled  <liii-int; 

(he  (leriod  I'roni  2 F(’))rii;i  ry  I !>7(;  ( hroii^tli  2.‘»  April  1!>7(I. 

Duriny  integration  o|  the  KI’M,  niaintenanee  ol  these  detail  desitin  speei  lieal  ions 
«as  periornied  on  a eontinnoiis  basis.  This  was  aeeoinplislied  by  red-lininu  a master 
set  ol  sjieei  li  eat  ions  used  in  the  hit  ejt;  rat  ion  Lab.  I'he  detail  design  speei  deal  ions  wi're 
used  in  eoniunetion  with  the  INI’  Cl  Specification  to  evaluate  INC  performance  anrl 
interface  compatibility.  I'lu'  specifications  were  red-lined  when  corrective  action  w;is 
re()uired  on  both  hardwart'  and  siieeifiealion  retiui  ta-ment  s to  achieve  compatibility. 

I'he  specifications  were  also  red-lineil  vvlu'ii  it  was  determined  that  improvements 
could  be  made  in  the  specifications  to  more  adef|uately  or  eorreetlv  specify  re(|Uire- 
ments.  This  red-lining  activity  vv;is  eompk'ted  in  December  l!l7(i.  The  detail  design 
specifications  wer(‘  re-tv|)ed  and  re-issued  internally  in  lanuary  and  I’ebi-uary  l!t77. 

A detail  design  specification  was  not  preparc'd  for  the  DIMMx'cause  a Cl 
development  specification  for  tlx-  DIM"  ( Al (HiOhO)  was  prejiared  and  submitted  in 
N'ovemb  ’i'  l'.i7.")  as  CDUl.data  it('m  .AtHH;. 

2.1.  I MHC  Design  Develop  I'ab  'l'('sl 

Cpor.  reeeiiit  of  t he  MICRON  Inertial  Navigation  Cnit  I’rcdiminary  Devcdopmcnt 
Specification  iKid  1),  .Autoix-tics  prepared  an  Installation  Control  Drawing  (Drawing 
No.  1021  1-1  11)  depict  ing  all  t he  physical  int  efface  cha  racte  ri.st  ics  oft  he  Mill' 

(figure  ."ii.  I'he  desired  asficets  ol' the  design  uhvnvitivcs  preiiouslv  inves|jgat(d 
during  Phase  2A  were  incorporated  into  the  new  form  factor  and  the  inboard  profile, 
f igure  (i,  was  derived.  I'he  preliminary  layout  vv;is  rcwitwvi'd  and  cost  analyses 
indicated  the  design  was  on  target. 

Stress  analvsis,  mass  properties  analyses,  and  thcrnutl  tmalyscs  were 
pt  rformed  for  the  INC.  TIk  thermal  analyses  and  the  resulting  f'.PM  thc’rmal  design 
arc  discussed  in  detail  in  Appendix  M.  fiarly  thermal  antdyses  indicated  that  control 
of  the  SKC  modules,  rc'cpiired  to  mt'ct  design  requirements,  would  be  ticcomplished 
more  efficiently  if  the  heaters  were  installed  on  the  SKC  boards  rather  than  on  the 
Mil'  chassis.  In  addition,  the  SlvC  1/2  ;tnd  I!  botirds  were  ri-quired  to  be  eleetrically 
isolated  from  chassis  ground  potential  while  ret;tining  the  forced  air  heat  exchanger 
capability  in  the  Mill  , I'his  rtxjui  red  it  special  fabrication  procedure  in  the  otherwise 
stixiightforward  dip  br;i/ed  chtissis  structure.  With  exception  of  the  isolated  mils 
for  installing  the  .SKC  ukhIuIcs,  the  chassis  is  dip  brazed  together  with  an  integral 
enclosed  forced  air  hetit  exchanger. 

i'he  Mill'  chassis  includes  ;dl  the  physictil  and  electrical  aircraft  interlaces, 
mounting  and  alignment  provisions  and  connectors  prescribed  by  the  aloiementioned 
spi'cification.  I'he  (dectrical  interconnect  for  the  INI?  is  accomplished  vi;i  a master 
Interconnection  Hoard  (.MIH).  This  MIB  is  included  in  the  MllU  design  effort  and  has 
all  the  intern:d  interconnecting  cabling  atttiched.  figure  7 shows  the  MIH  U'ss  cables. 

A revision  to  the  interface  of  the  MIH’  was  incorporated  as  a result  of  the 
Slatxlard  N’tivigator  Appendix  \',  H revision  received  on  (i  -lanuary  l!»7(i.  I'his  is 
reflected  in  the  Installation  Control  Drawing  10211-111  "A."  I’he  conriguration  and 
form  factor  renudned  constant  until  0 A|)ril  l!)7(i  vvlu'n  Autonetics  became  awaie,  b\ 
phvsieallv  eheclving  an  f-lO  airend'l,  that  :i  major  interference  existed  between  the 
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Figure  7.  Master  Interconnect  Board  (MIB) 
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Mill  :mil  aircTiift  st riu'turc.  An  iniuKvIinte  revision  was  implomonlod  to  the  roar 
of  tin-  chassis  ultich  also  iniprovf'd  ma intal)il ity  of  tlto  MIH'.  I'lio  15  r(‘vision  of 
1021  1-111  (l  iyuro  s)  ronocts  the  form  factor  of  tlio  Mill  fabricated  to  meet  the 
installat ion  re<(ui r('<l. 

At  ai)|)ro\imalcl\-  this  same  time  (April  lOTO),  the  decision  w.as  made  to  proc-etal 
with  the  dcsif^n  and  fabrication  of  a rottilint;  MICRON  (NTH)  to  replace  the  non-rot.atinK 
MM'sion  (N72».  The  design  im|)act('d  only  the  forward  poUion  of  the  Mill’  w hich  enclost's 
the  lAC.  rhe  non-rotatinj;  lAC  was  d(del('d  and  a rotalintt;  lAC  w:is  insciled.  The 
Spin  Motor  Fleet  ronics  Itad  to  bi-  loctited  in  the  forwtiri)  section,  but  off  1 he  rottitinw 
lAf  assemblv.  A twist  capsiik'  assembly  was  introduced  as  a means  of  easily  jiro- 
vidinu  th('  electrical  interface  betwamn  the  Mill"  and  t lie  lAC  without  producing  dra^ 
on  the  lAC  ;ind  inhibiting;  the  shock  mounl/insulator  suppoilint;  the  lAC.  l'it;iire  !» 
depicts  the  \7;i  Mill'  dcsif;ii  with  the  lA  C in  pi, act'. 

Fabrictil  ion,  assembly,  and  wii’inj;  ol  the  non-rotat  int;  (.N72)  Mill’  w:is  compU'ted 
in  lune  l!)7(i  ;md  was  used  in  KP.M  intet;ration  testinf;  until  completion  of  the  rottitint; 
(.\7;5)  Mlir, 

Fabrication,  assembly,  ;ind  w iring  of  the  rotating;  Mill' was  completed  in 
Auyust  1!I7(1.  The  completed  Mill'  is  shown  in  Fij;ure  10  (front  view  ) ;md  Fi);ure  11 
(rear  \ iew  ).  The  MIIC  ehtissis,  tilonj;  with  other  maior  components  of  the  N’7:5,  is 
shown  in  l'i);ure  12. 

rhe  completed  N7I5  Mill'  chassis,  includinu  the  .MI15,  was  il('livered  to  the 
inlcj;r;ition  l.-tb  in  August  107(1,  This  activity  comjjleted  tin-  Mill'  task. 
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Figure  H.  INS  Installation  Control  Drawing  (10214-111  Uev  B) 
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SI  r Dcsijiii  I \ ( l ;il)  1 csl 


Mil'  Svstini  !■  left  ionics  I nit  (SI- ( i consists  <il  liic  elect  conics  cont.iineil  on 
lour  mull  ihiver  l)o:i  nis  (M  I U'si  di  si^nulcil  SI  I 1,  2,  ii,  und  I ol  w liich  SI  T 's  l:ind 
2 h:i\e  identical  designs. 


rile  SI  I electronics  :i  re  p:u-kMuc<l  in  iccordance  with  tin  rc(|uireincnls  ol  the 
contract  Aitpcndix  I spt'cificat ion.  All  Iiyhrid  asscndilics  arc  hcrnictically  scaled  and 
iiiennalK’  contndled  tiv  jilacin”  the  hyiirid  pacKancs  on  mat  sink  rails  on  the  Ml. II. 

I'i^^ure  I .'1  depicts  tin  asseinlilv  ol  the  Ml.lt  show  ing  the  In  at  sink  ainl  the  heater  under 
the  In  at  sink  (SI-  I I does  not  ha\e  a heater).  All  arc  bonded  lonether  with  a thin 
adhesi\a  lilm.  I he  board,  when  installed  in  the  .Mill',  interlaces  will)  the  .Ml.li  .and 
IS  loi  keii  alon^  the  sidi  s ol  the  boaials  to  the  heat  cNchan^a  r. 

I he  desiiin  oi  the  M1.I5  was  accanniilishcd  by  ininiini/inn  tin  nuniber  ol  lavio's 
and  nuinin  r ol  leedlhrou^h  holes.  The  M l.lt's  lor  Sh  I 's  I through  I were  lour  layers 
inaxlnuiin.  The  hvbrid  container  tamlifiiiration  was  selected  to  standardi/.c  the  lorni 
lactor  lor  dc  sif;n  to  cost  and  to  iierinit  plu^~in  installation.  1 he  cnf^inccrin^  model 
Mill's  ha\c  sockets  installed  so  rcunoval  of  hybrid.s  can  be  accomiilishcci  with  ca.se 
and  w iihout  damage  to  the  M 1 .15.  In  production,  the-  M 1.15  could  tunc  the  soc-kets 
remo\i  (l  .and  the  hybrid  soldered  in  plac-e. 

SI-  I 1,  'J  and  ;>  utili/a-  a common  lioater,  heatsink,  and  bracket  design.  15ecausc 
of  the  ciilfc-rcnt  components  on  Sl-'l  I,  it  has  a different  heatsink.  SI- 1'  I doc'S  not  rcciuirc 
thermal  control  so  a heater  is  not  necessary.  Ilowa-vcr,  the  clcsif;ns  of  the  Sl-  T Ml.lVs 
wa  re  implc-mc-ntcd  to  standardi/.c  parts  to  reduce  cost, 

2.  1..-).  1 .Suspension  and  .MIM  1- Icct  ronics  Modules  (Sl-T  1 and  2) 

There-  arc-  two  idc-ntical  Suspension  and  MI'M  1- Ic-et ronics  (SMl  .M)  Modules  in 
the  1 I’M  I.Nf,  one  lor  e.ieh  eyro.  1 aeh  S.MlM  Module-  contains  the  follow  int;  hylii'id 
circuits; 


tjty  Meci'd _per  ^ P' LV 


.Nomc-nelatu  r^- 

Sample-  and  Hold  and  (lap  Summation 

l)itli-rc  ntial  .\m|)lifiei-  and  Notch  Kilter 

Servo  Ne  twork 

\1  odulator 

Ml  M I )i-modulalor 

M 1 M 1)(  inodidatoi-  Kilte  r 

Ml  M In-modulatoi- Sample  & Hold 

Mull  iplexe-r 


shown  in  Kitjure  I 1.  I he  pt  im;i ry  function.s  ol  this  /ncjduJe  are;  (J)  pi'occss  the  si^tnals 
Iron)  Ihe  Cha  rue  Amplifiers  to  detect  rotor  displacement  from  cavity  ce-nter,  and  to 
generate-  signals  which  will  result  in  Ihe  C’hart;e  Amplifiers  applying  rc'Storing  force 
I')  enainlain  Ihe-  roloi-  -it  the-  cavity  eeide-r;  (2)  e-.\tracl  the-  MKM  signals  and  demodulate' 
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Fifiurc  1 }.  Susix'nsion  and  .\[(M  ronics  1 tinc‘tii)nal  Idoc-k  Diagiam  (SI-.T  1 ami  2t 


.111(1  proi  i ss  lliciii  tor  foin  (Tsion  to  (li”it:il  liy  the  ;inaloji-lo-(li<4il:il  com  (■i  lcr; 

(tti  pio\i(lc  :i  imilt  iplcxiny  caiialiililv  to  lime  <li\ision  miillipicx  .tli  analoc  si^nal.^  to 
a sin;;lc  output.  I )i  H c fciuas  ill  wiring;  implied  hy  the  mult  iplexiiit;  limelioii  .in  aeeom- 
modat  ed  ill  the  .Mill  to  keep  the  two  Suspell.".:  ioti  a lid  M k M 1'  leet  roll  ie  s M odiiles  idellt  ieal . 
rile  relation  l>elweeii  the  iiiu  It  i pi  exe  r^-  on  the  two  modules  i.s  .shown  in  I'inure  la. 

.\  pulse  amplitude  modulation,  lime  diiision  multiplex  scheme  is  meehani/ed  to 
apply  n slorina  loix  es  to  the  y,yfo  rotor  and  to  si  iise  rotor  position,  t he  lour  modu- 
lator outputs  ot.'^MlM  are  sent  to  tlie  input  I ran^lormers  ol  the  avi''>Cliar';e  Amplilieis, 
and  art  as  shown  in  l iaure  lti.  I hesi'  signals  are  eomliiiied  with  the  pre-load  siaiial 
as  shown  in  I'i^iiie  lii  to  olitain  a ( 'ha  r^^e  Amiililie  r w avelo  rm  as  shown  in  I'i^nre  17. 
t he  polaritv  ot  the  i hary,!-  applied  to  opposing;  electrode  pairs  is  the  same.  I he 
ehar^i  magnitude  during  loreina depends  upon  the  sensed  error  I fom  eaeity  la  nter, 
and  the  plate  which  is  lurlher  Ifoni  the  rotor  receives  the  larger  magnitude  eluirwe. 

The  eharye  majiiiitude  durinii  H'o  feadoiit  period  is  a eonstant.  t he  polaritv  ol  the 
eharye  is  re\ersed  eaidi  hall  eyele  ol  the  10  kll/  limine  relerenc-e. 

rhe  Charge  Amplitier  dilferenee  sinnal  inputs  to  S.Ml  .M  are  in  four-space.  l-,;ich 
sifiiial  is  sen'  to  two  S II  idreuits  (one  lor  10  kll/.  in  phase  polarity,  the  other  for  10  kllz 
out  ol  phase  polarity).  The  ei^tht  .S  II  outiiuts  are  sent  to  the  differential  amplifiers 
where  tln'\  ari'  eoinerted  to  thri'c-spai-e.  Tlu  differential  amplifier  out|)Uts  are  sent 
to  the  Ml  .M  demodulator  and  to  the  notch  filtei-.  The  notch  filter  attiiuiates  the  .Ml’.M 
co'iiponent  (at  2.")00  il/.y  and  results  in  loop  jtain  and  |)ha.se  characteristics  which  pro- 
vide rotor  speed  control.  The  notch  filter  outputs  are  sent  to  the  servo  network  where 
compensation  is  mechanized  for  the  different  modes  (e.g..  lift-off  and  suspend).  The 
servo  network  outputs  .ii-e  sent  to  the  moiliihiUir.  where  coinersion  back  to  four-.sp;ice 
is  accomplished  ;ind  sii;nal  polarity  and  duration  are  established  as  indicated  in 
1‘  imire  Ilk  The  modulator  outputs  are  sent  to  the  ehaiTc  amplifier  input  transformers. 

I'he  .Sample  and  Hold  (lap  Summation  hybrid  provides  tin  output  which  is  :i  measure 
of  the  a\(*rai;i'  nap  lu'tween  rotor  and  cavity.  I'his  sinnal  is  used  durinn  initial iztition 
(in  the  heat  modi'),  ttnd  providi's  HIT!-.'  indictition  in  other  modes.  In  nf'in'i'til . the  outtnit 
of  each  hybrid  circuit  is  provided  throiinh  a buffer  resistor  in  the  hybrid  to  the  SMfM 
modul e connec'tor . 

.\  ctilibration  disturbtince  sinnal  "Ctil  I'D"  is  sent  to  the  two  modulator  hvbrids. 

< )ne  of  the  tour-space  channels  is  selected  under  control  of  the  four  Cal  IT)  select 
discretes.  ITiree  disturbance  sinnal  ini)uts  are  broun'l't  out  from  tlie  I )ifferenti:il 
Amplifier  Notch  I'ilter  hybrid  to  the  SMl’M  module  connector.  Tlu'se  inputs  will  not 
tie  connected  to  a sinnal  source  when  the  module  is  instalU'd  in  the  l.NC.  The  compi'n- 
sation  in  the  Servo  .Network  hybrid  i.s  under  control  of  the  three  discrete  inputs  (IN'lT'Ci  1, 
I.NIT  <;  n,  I’lt-.M  I -.NT ).  The  .Modulator  hybrids  use  the  10  kllz  and  Cl’  Ionic  sinntils  to 
moduliite  the  four  space  forcinn  sinnal,  and  the  discrete  I’tl-.MI-.NT  controls  the  modu- 
lator n-tto- 

The  .Mr  .M  iX  iiiodu  lator  hvbrid  uses  the  four  quasi  reference  nooorator  siniials 
•St\’,  -SW.  -CW’,  -CW  to  demodulate  the  Ml'M  sini):)!!-'.  1 be  reference  frequency 

i.s  under  control  ol  the  Dl’l  . The  Ionic  sinnals  SIO  and  S'l'  tire  buffered  in  the  .MC.M 
Demodulator  and  sent  to  the  .MC.M  IX-modu hitor  Sample  and  Hold.  The  demodu Ititeil 
•MIM  sinnuls  tire  sent  to  the-  .MC.M  IX'inodu Ititor  filter  hybrid,  which  conttiins  only 
ptissive  elements.  The  outputs  of  this  circuit  tire  sent  to  the  MITM  Demodult  tor 
.Stiinple  tind  Hold  hybrid,  where  the  .Ml'M  sinntils  tire  stimpled  tind  held  for  \/D 
conversion. 
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CHARGE  APPLIED  TO  ELECTRODES 


WHERE:  Op  « PRELOAD  CHARGE 

- DELTA  CHARGE  TO  MAINTAIN  ROTOR 
IN  CENTER  OF  ENVELOPE 
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rile  multiplexer  switehiiiji  limetiMMs  .ire  under  c'onirol  ol  the  six  lo^ie  sinn.ils  A,|, 
A I , A^,  A;;,  I NAIl  1,  I NAI’.  2.  Thirty-two  inputs  ;ire  ;ieeepted  ,ind  sent  out  on  one 
output  litii'.  I he  tuultiplexer  hylirid  also  contains  passive  elements  Tor  signal  com'er- 
sion,  to  di\  i(le  down  some  oi  the  in|)ut  signals,  ,itid  to  pi-o\  ide  excitation  lor  the 
ti  mperatui  e selisoi  s. 

The  SMIM  module  sell-test  c.apaldlity  is  under  IJI’I  contri)!  and  this  capability 
is  summa  ri  /ed  in  Table  1'. 


TAUld-  It.  SMIM  SKl.l'  TKST 


Charef'  Monitor  (('tif'  Time) 


Su>i)ctision  Sf'i'vo  T('.st 
((  Uif'  Time) 


(iai)  No.  1 atid  No.  2 
( Kt‘pctili\  ct 


('hai'jic  Monitor 
(I{epctiti\c) 

MIM  l):ita  Kf'asontiltlf'no.ss 
(Hcpotiti\  c) 

.Sell  Calibration  'Test 
tttnc  'I'imi  ) 

Temperature  .Monitor 
I Kepelitivei 

•Multiplexe  r 
(Uepetilive  ) 


Th('  ball  c‘hait;f’  shall  be  clu'cked  by  computer 
monitoritin  oT  th(>  .Ml  .M  signals  wfiile  a torriue 
di sturbatic'f'  is  applied  by  the  computer  [trior  to 
ball  .s[tin  up.  This  means  oT  charnf'  monitorinf; 
is  perl'ormed  only  during  inititil i xtition 

'The  servo  chtiracteri sties  oT  the  seiwo  suspension 
loo|)  shiill  be  checkc'd  by  computer  monitoritin 
of  the  .Ml M signals  while  a tor((ue  dislurbanca- 
is  ap|)lied  by  the  com|)uter  prior  to  b:ill  spin  u|5. 
I'ertormed  only  durinj;'  initi:di/ation. 

.MlxSCi  .No.  1 summed  [tap  and  .MTiStl  .No.  2 
sumiiK'd  [;:ip  shall  he  monitored  to  \-erit'v  tiuit 
pro|)cr  [ta[)s  .are  mainUiincal  between 
the  rotors  and  catvitics. 

The  rotor  ch;ir[;e  shttll  be  checked  once  e\'ery 
s()f'ciried  time  [X'riod  by  tnonitorinw  the  MIM 
.si[;n;ils  titter  spin-ui). 

Demodulator  bitis,  .AIK'  saturatioti  .anrl  scale 
ftictor  will  be  cdiec'ked  for  etudi  (fvro. 

Too  large-  ;i  change  in  [jaramelers  from 
pre\iou.s  calibr.ation  could  indicate  a 
iiKilfunclion. 

SMl'M  .Module  lempertitures  shtill  bi- 
monitored. 

•.a\',  -.aV  ;ind  tJround  Reference  :ire  routed 
through  the  .Ml'.X  to  .\DC’. 


All  of  the  substrat«-s  contiiined  on  SKl"s  1 and  2 use  thin  film  technology  except 
tor  the  Servo  Network  which  utilizes  thick  film  technology.  Substrate  deposite-d  thin 
lilm  resistors  provide  the  su|)erior  pcrfornuincc  required  liy  tin-  Ml  .M  T li-clronies  in 
:i  most  I'ost-effectivc  manner.  In  [Kirticuhir,  i-xcellcnt  long  tcriti  stability  :ind  tight 
tolcr.'inces  and  tem|)cr:tture  t nicking  coefficients  are-  :ittain:ible-  w ith  this  proce-ss.  .\ 
detailed  description  of  the  thick  :ind  thin  hybrid  te-chnologie-s  is  give-n  in  Aitpe-ndix  A. 
Apiiendix  A also  gives  :in  ilemize-d  listing  of  the-  activity  involve-d  in  the-  fabricat  ion, 
tissembly,  and  te-sting  of  the  hybrids.  Table  .A-l  ol  .Aiiiie-ndix  A shows  the-  total  .(uantity 
of  hybrids  fabricati-d,  tisscmbh-d,  and  te-sti-d  for  T PM. 


Ill 


Worst  cast'  analyses  were  eompleted  on  all  ol  the  hybrids  on  SI'  I 's  1 and  2. 

A thermal  analysis  ol  all  ol  the  semieoiidueiors  uas  also  eompleted  and  this  is  ^iven 
in  Appendix  li.  The  analyses  n sidts  indicate  that  all  the  reipdremetits  in  the  ri'liability 
design  j^iudelines  have  been  met. 

The  Innetional  and  si'reen 'ests  perlormed  on  llu  hybrids  are  listed  in  AppendixC 
ot  this  report.  1' aeh  hybrid  has  met  or  exceeded  test  spi'c  il  ieat  ion  retiuirements. 
.\ppendix  I)  pro\ides  additional  inloi'ination  la  lative  to  pri'cision  thin  tilm  resistoi' 
r('<Hn I'emeiits  and  perlormanee  tests.  The  data  show  n in  .\p|)endix  I)  indicates  the 
I’esistors  are  exhibiting  excellent  stability  and  are  meetin;;  stability  reinn  I’etnents  also. 

A total  ot  three  (including  one  spai'e)  SI-  I 1 and  2 tnodules  were  assembled  and 
tested.  A photof;i’a|)h  ol  a com|)leted  module  is  shown  in  !■  iwure  Is.  -Appendix  !■ 
pro\  ides  inlormation  relati^'e  to  the  tasks  in\'olved  in  tlu'  tai)i'icat ion,  assembly,  and 
test  of  the  moduli'S.  The  functional  and  sci'i'cn  tests  perloi'ined  on  the-  moduli's  ai'e 
listed  in  Appendix  C’ . l ach  of  these  modules  has  met  or  excei'ded  detail  desi^,n 
specification  reqtii rements. 


I'  ij^ure  Is.  Suspension  ;ind  Ml'M  I- lect I'onics  Module  (SI'T  1 and  2) 


A*  rr 


l.r).2  I and  Scqiuiu'iiinModiili’  (SI  1 ;i) 


rill'  rinijn;4  and  Si  ((iirnciiiii  Miididr  contains  the  lollowint;  hylirid  circuits: 


Nomenclature 


(jt\  Kc(iuii'cd 


I’rccision  (’rystal  (tscillator  &• 

( i.ap  Monitor 

.'lOisll/'  I’lUllci'  I'MA  Power  Supply 
A 1 ) Coinertci' 

DC  Kcicrcncc  and  Preload  Modulator 

1 MA  Signal  l-  iltcr 

Suspension  Timin^i  (iencrator 

Sequencer  No.  I 

Sei|UeIU'e)-  No.  2 

Ladder  Network 


1 


P/N 


12  l70-r.()7-l 


12  I7r.-r.()7-l 
12  I io-r)ii7-i 
12  is(i-r,(i7-i 
12  i!)r)-r)()7-i 
12  1 ir)-:)i)7-i 


12  ir)(i-r,(i7-i 
12  ir.ri-r)()7-i 
i2.'.i;r,-:,()7-i 


A luiu  lional  Llock  diaj;i:im  ol  the  Timing;  and  Sc(|Uencini;  Module  is  shown  in 
l-'ieuri  Itt.  The  prinriry  tunctions  o|  this  module  art>  the  rollowinjq 

1.  Pro\idc  tlu'  basic  INI  timinji  nd'crimcc. 

2.  Coini'i't  analog  signals  lo  digital  lorm  for  computer  amdysis. 

2.  (icncratc  .all  liming  signals  rciiuiri-d  for  rotor  suspimsion. 

1.  (IciU'Cale  H\  ro  preload  sinn.ils. 

Huflcr  and  combine  siymds  for  tlu'  rci(uircd  rotor  lift  off  scciucncc. 

• i . Pro\idt'  rotor  desuspension  control. 

7.  Cmierate  .Accelerometer  e.xcit.ation  signals. 

s.  Provide-  computer  discia-ti-  input  gating. 

h.  Provide  computer  discrete  output  latches. 

An  IH  Mil/  ci-vstal  oscillator  orovidcs  the  basic  INI'  time  reference.  Niue  Mil/  is 
si-nl  to  the  Dedicated  Processor  Lnit  (DPL)  Input/nutput  fhiit  (IOC),  where  the  l-phase 
clock  rec(uircd  In  .M(  )S  i-ii-euits  in  the  l.N'l'  is  generated.  Two  .Mil/  is  utili/.ed  b\  llu' 

.\  1)  Convcrti-r  :ind  Suspension  Timing  Ceneralor  to  generate  the  rc(|uired  suspension 
an<l  conversion  timing  intervals. 

.Ml  analog  signals  lo  be  digiti/cd  for  computer  monitoring  arc  routed  to  multiplc.xe 
located  i-xternal  lo  the  'Timing  ami  Si'(|Ueneing  module. 

.A  single  input  from  the  multiplexers  is  routed  to  the  Analog  to  Digital  Converter 
vvlu-re  the  signals  arc  digiti/cd  and  |)laccd  on  a 12  line  parallel  bus  (12  bits  t sign) 
accessed  bv  the  INC  computer. 


I 1>(  rot  1)1'  lilt  oil  S(i|iuiiic'  is  coni  rolled  liy  the  IM  conii  niter,  liulierinn  and 
I iinine  riM|uired  tor  sat  islaetory  lilt  oK  is  eeiie  rated  u ilhiii  the  ’I  iin  ine  ;ind  Seijiiencini; 
module.  I he  ijuasi  S(|uare\\a\e  preload  sit;nal  rei|iiiia  (l  lor  the  rotor  lilt  oil  sei|iienee 
and  to  enalih  computer  monilorine  ol  rotor  temperatuia  prior  to  lilt  oil  is  ^eneraled 
w iihin  the  I imine  .mri  Sepuimcine  Module. 

Itesuspi  nsion  ol  the  rotors  through  an  orderly  shutdoun  sei|Uenee  is  controlled 
liv  till  I inline  and  Sei]'  ncine  module.  When  commanded  I rom  in  i sternal  source 
it  iN  I'll  su  itch  or  CO  111  put  I r comma  nd)  tlu'  T itii  iny  and  Sci|Uenc  ill"  Module  act  i va  les 
till  rotor  liraUiny  i lectronics  and  pro\idcs  the  nec  essary  hrakiti"  and  titiiiii"  signals. 

111!  ha--  tiiiiin"  signals  rei|ui  red  liy  I he  .Accelc  loiiielers  dl.t.  :i  1.11/  and  n lo  11/ I 
.are  <haped  ano  eonditionid  to  proxide  the  waxelorm  ch.aracteristics  iciiuired  hy  the 
aeci  li  roiiii  ter-.  1 he  isolate  d 1'  \ IK'  rei|ui  red  by  the  acc a leroniete  r is  also 
"etii  rated  within  the  I iiiiiii"  and  Seijuencint;  module. 

.\  disen  le  input  output  interl.ica'  w ith  the  INI  computer  is  pro\  ided  by  the 
1 imiti"  and  Sei|Uencin"  module. 

1 lilure  ol  the  I imint;  and  .seiiucncin"  ( iN  cil'l'  Sei|Uencin"  is  detected  during 
pi  riormanec  ol  system  le\el  "one  time"  only  testiii"  durin"  the  init  iali/at  ion  seciueiua'. 

.\  sumi.iarv  ol  the  salient  design  b atiircs  ol  each  ol  the  hybrids  oti  SI-  b d is 
fiixeii  in  the  lollowiii"  p.iraeraphs,  esci-pl  lor  Ihe  .\  I ) Com  ert  er  w h ich  is  summari/ed 
in  I’  lra  u.  I.  li. 

(ll  I’recision  Crystal  (tscniabir  Cap  Monitor 

The  Precision  Crvstal  (tscillator  Cap  Monitor  i.s  a thick  film  livbrid  consisting; 
ol  two  incicpc'ndcait  fimctiontil  blocks  of  circuitiw.  Tlu'  I’rccdsion  Crxstal  (tscillator  con- 
sists of  an  is  Mil/  crvsttil  oscillator  which  provides  the'  basic  IM  time  reference. 

( The  cixsttil  itself  is  c.xlciaitd  to  the  hvbrid,  bciii"  :i  discrclo  component  mounted  on  the 
.Ml, lb.  .\lso  includcfl  on  this  lubrid  aia-  counters  to  divide  the  IH  Mil/  sij;tial  into  :i 
sv  inmet  rictil  It  Mil/  sit;n:il  (used  b\  the  four-ph;isc  clock  t;t'ticrator  on  the  KtC)  and  :i 
nonsv  nimct  rical  2 .Mil/  si^mil  (used  b\  the  suspcaision  timint;  t;ctK'rator  and  .\  I) 
converter  hv  brids). 

The  I'rccision  Crvstal  Oscilltitor  vvti.s  dcsi(;ncd  to  be-  tion-crit ical  with  respect  to 
comixmcnt  tolcrttncc,  and  to  provide  reliable  ctperation  over  a wide  temperature  ratific. 

1. .alio rate) rv  lest  results  substanlitile  the  following;  performance  levids: 


I re(|uencv 
Initiid  'rolerance 


!)  .Mil/  svmmclrictd 
2 Mil/  .a;  ) .\on-sv  nimetrical 

10  ppm  :it  ().'!•’(■ 


l/tnu  Term  Stabilitv 
'remperalurc  Coefficitait 

I’ower  Supplv  Sensilivilv 


to  ppm  vear 

Ma.ximum  slope  1 ppm  'H' 

!it  0,  2 ppm 

Less  than  1 ppm  frccjucncv  change  for  a 
volt  chant;c  in  citlu'r  -7.  a vclc  or 
•5.0  vdc  supplies 
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I 111'  .Monitor  (Icmoiiiilali'S  and  .samples  inpiils  1 rom  the  sample  ami  liol'l  UJip 

summation  sulisi  rates  to  provide  an  analog  output  whiidi  is  a measure  ol  the  aieraue 
^ap  helween  rotor  and  eavits,  (lap  intormation  lor  eillier  uvro  mav  he  proeessed,  under 
the  control  ol  a discrete  digital  input.  I .ahoratorv  tests  indicate  that  the  lollowint;  sistem 
rcijiurcmciU.-^  arc  acliicv  aiili'.  all  ol  which  meet  system  pcriormance  requirements. 

.siali  l actor  '>(1  rin. 

( iiitput  Kannc  -a  'olts  dc;  0 \i)lts  nominal  nap 

\ccurai\ 

1 . Scale  lactor:  t (!' 

2,  .Si  alc  I actor  Stahiliti 
o\ cr  one  \ear 

H.  Bias: 

I.  Bias  stahilits  o\i‘r 

one  \ear  <1  mv 

The  thick  lilm  process  was  chosen  lor  this  luhi'id  as  one  of  minimum  cost  \i1iile 
still  meeting  s\ stem  requirements.  An  imiphasis  was  placed  on  tlu-  use  of  non-pri'cision 
resistors  and  low  cost  multiplc-sourced  I'hip  components. 

(2 1 at)  kll/  Buffer  aiul  A Bower  Supplx 

The  .')()  kll/  Buffer  I'iMA  Bower  Supph  hihrid  houses  two  imlependent  functional 
Blocks  ol  ci  rcuit  r\ . 

The  at)  kl!/  Buffer  outputs  four  50  kll/,  analot;  S(|uare  wati-s  uscfl  to  dri\e  the 
('harj;e  .\mplifii'r  output  transformers  on  the  l.AB.  The  desi^;n  approach  followed  has 
proMMi  successful  in  many  hours  of  reliahle  operation  of  pi-et  ious  s\  sti-ms. 

The  B.M.X  Bowi'i'  .Supplv  provides  threi'  isolated  is  \'dc  ndi'ri'nce  \oUat;es  to  the 
X,  V,  and  / accelerometers.  The  following  results  have  Been  .'ii'liieved  in  laboratory  tests: 


I'olcrancc  on  nominal  voltage  5' 

Ixiad  Kegul.ation  (K|.  to  1-  1.  • 10'  | -2 

.St:iBilit\ , |•l■pealaBilil\  of  maximum  i.'l ,, 

deiiation  from  nominal  (including 
temperature  :md  aging  o\cr  oni“  vear) 

Uipple  (peak-to-pcak)  • 100  mv 

.Mtiximum  current  (each  output)  It)  ma 


'I'he  at)  kli/  Buffer  l'..M.\  Bower  .Supph  cmplo\  s thick  film  technologv  coupli'd  with  loosi' 
resisloi-  tolertitii'es  (!U)ne  <•  5 percent),  wide  suBsti-ate  line  specifii'd  ( > U)  mil),  :ind 
con.serv:ili\el\  dciailed  laimponcnls  to  achiesf  ;i  pi'oducible,  low-cost  item. 


'.s 


0.  7 

0.  I \dc 


(lU  KMA  Sii;ii;il  I ilti'f 


riu'  1;M.\  1 ilti-r  is  ;t  lliick  lilm  livlit  id  u-liicli  oulpuls  the  aiialo'r;  wavcloi'ms 

r.‘(|uii-.il  li\  llu-  incflcroim-lfi-s  ami  also  pioxult  s a diuilal  discfclc  input  output  inter- 
lair  with  the  INI  eomputer,  I'he  interlaee  eniplo\s  low  cost  low-|)owe|-  Sehottk\  '111. 
uates  and  thick  lilm  pull-up  resistors. 

The  sipnal  pioccssinp  poi-tion  ol  this  hvhrid  rccci\c>  dipilal  iniiul  uavelorms 
iiuli;dl.\  pcncralcd  In  tltc  Ml  TCi  M(  )S  chip  and  oul()ul.s  a iid- I li  kll/.  analog  .->()uarc 
wave  and  a till)  11/  analop  triangular  wave. 

The  I .M.\  Sipnal  l illcr  has  l)ccn  dcsif;iicd  to  meet  the  l(dhniinp  noal'-; 

:{3  1 3 kll/  Square  Wave 

Xolta^e  Cliaraetei-isties;  1 I - Hi  \ pIp  (Centered  ahout  0 0,.")  vde) 

l.on;i  Term  .\tii|)litude  Stabilits  : >5'.  o\er  one  icar 

Rise  and  1 all  l imes;  ' 1 psee,'  2 ..see 

lilt)  11/  Ifitinktilai’  Wave 

\ ollai;e  Charaeleristies:  I'i  H \ p-p  (Centei-ed  alK)Ul  0 0.  1 vde) 

Ixmji  Term  .\mp\ilude  Stabditv;  •'>'  > over  one  vear 

1.011)4  Term  1 re(|uene\  .Slal)ilit\  i)ppm'^vear 

( I)  Suspension  Timiti);  (lenei-ator,  .Siaiuiaieer  No.  1,  and  Sef|ueneer  N’o.  2 

Thi'  Suspension  I'imin);  CietK'ralor,  .Si'queneer  N’o.  1 and  Sec|ueneer  No.  2 are  all 
thiek-lilm  luhrid  eireuils.  The  semieonduetors  ulili/ed  to  perform  the  logic  and  timing 
functions  on  these  hvlirids  are  primarilv  low  power  .Sr'hottkv  TTl,. 

The  Suspension  Timing  (lenerator  and  the  .Si‘(|ueneers  generate  all  liming  signals 
rei)uire<l  for  rotor  suspinsion,  liullers,  and  eomliine  signals  lor  the  rotor  liflolf 
seiiuenee,  .and  provitle  rotor  desuspension  eonlrol. 

( ) I .adder  .Network 

I'he  ladder  network  is  a 13-lnl  ."lUK  lOUK  thin-film  resistor  K 2K  ladder  network. 
'I'his  laddei'  is  usial  in  eonjuiu'tion  with  the  A/\)  eonverler  hybrid  eii’euil.  1 he  laddei 
networks  wcia-  l.abiaeati'tl  ami  lesleil  at  Ibtlex  Ine. 

(I.)  DC  Heb  reiiee  at'il  IM'eload  Modulalor 

The  IK'  |{(  b fetue  anil  Pielo.id  Modulator  provides  the  precision  voltage 
relerenee  lor  the  .\  I)  Coiuefter,  and  lor  the  gap  monitor  lunetion.  It  also  generates 
the  preload  signals  which  drive  all  c-harge  timpliliers. 
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.\|)|)i-niii \ A to  this  t ( |)<)!t  };i\cs  ;in  itcini/cd  listiii^i  ol  the  .ictivity  involxcd  in 
till  t.dini-  It  ion,  isscinlilv,  :md  testing  of  llic  ;il)o\  c hylirids  iind  also  provides  ;i 
discussion  ot  I 1*M  hylirid  teehnolot;y 

WOi'st  e.'isi  nnnlvses  were  eomiileted  on  nil  ol  the  hybrids  on  SI' T A therinnl 
nnnhsis  ol  nil  ol  thi  sein  ieondiielors  was  also  eompleled  and  Ihis  is  niveii  in 
Appi  ndi\  I’..  I he  anaivses  results  indicate  that  all  I he  re(|iii renients  in  the  I'el ialiil it y 
design  guidelines  have  been  niet, 

I he  Innetional  and  screen  tests  perlornied  on  the  hybrids  are  listed  in 
Appendix  ('  ol  Ihis  report.  I- aeh  hybiid  has  met  or  exceeded  test  specil  ieal  ion 
leiniireinents.  Ajiiu  ndix  1)  iirovides  additional  inloi'inat ion  rehilive  to  jirecision  thin 
lilni  resistor  reiiuireinenls  mil  perlonnance  U'sis.  The  data  shown  in  Appendix  I) 
indicate  the  resistors  are  exhiliitiii”  excellent  stability  and  are  nieelinf;  stability 
I'eiliii renu  nts  also. 

Two  SI  I ;i  modules,  including  one  spa rc, were  tissembled  and  tested.  A photo- 
graph of  a completed  SI- 1 module  is  shown  in  Figure  2t).  .Appendix  I-  provides 
inlormation  relative  to  the  tasks  itnolved  in  the  fabrication,  assembi  , , and  test  of 
the  modules.  I he  functional  and  screen  tests  performed  on  the  modules  ari'  listed  in 
.Appendix  ('.  1 aeh  ol  these  modules  has  met  or  exceeded  detail  design  spec il ication 
re(|uirements. 


Figure  ‘Jtt.  Timing  and  Sci|uencing  Moduli-  (SFF  .’f) 
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Si'^M.il  ( 'H  iirralDr  and  Mcmurv  Moduli'  (SM 
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A timet  ional  Idnek  dia^i'ain  ol  tlirSl-l  I module  is  sliown  in  1- inure  21.  I he 
Sinnal  (letierator  and  Memory  Module  reeeiics  parallel  dieita!  dat.a  Irom  the  Processor 
Memorv  Module  and  eomliiiied  willi  input  limirin  siniiJils  prov  ides  the  tollou  inn  •'^ifiMals. 


1.  1 lii'ee-ehannel  modulated  spin  motor  control  sinnals  .and  teedhack  sinn.als 

2.  Modidated  ealiliration  sinnal 

1-  re((uenev  varialile  liminn  sinnals  tor  Ml  .M  Demod  No,  1 and  Spin  Motor 
1.  1-  requi  nev  varialile  timinn  sinn;tl  I*'!'  Ml  .M  Demod  \o.  2 and  Spin  Motor 

.').  1 inliteeii  (Is)  system  control  discretes 

(i.  1- inlit  (s)  modulated  lieat er  eont  rol  sinnals 

7.  I'our  ( It  last  watan-up  heater  controls 

MIM  and  1-  M.\  timinn  neiii'i'cP'd  buHered  on  tliis  module,  t'ali- 

bration  constants  are  stoi'cd  on  this  module  in  a IK  \ Ki  non-volatile  semiconductor 
memory.  .Access  to  this  memory  is  by  a parallel  dinibtl  bus  and  associated  timinn 
sinnals.  The  module  contains  the  tollowinn  maior  comiionents. 

1.  Modulated  DAC  (MOS  SMC) 

2.  Modulated  DAC  ( M(  )S  1 1-  M P C(  )N  T ) 


.'i.  .spin  M oto r Cont  rol ler 
I . I empe  r:(lu  re  Coni  rid  ler 

•a.  Cal  ilu'at  ion  Consla  nt  Slor.ine  No.  1 (CC.S  1| 

ii.  Caliliration  Constant  Storani'  No.  2 (CCS  2) 

7.  MI  M and  1- M.\  I iininn  Ceiierator  (MI  'IC) 

'.  (^uasi  Kelerenee  Ceneratoi'  (t^Ul'C)  (.MOSCyro  No.  1) 

:i.  l^uasi  Hilerence  Cicnerator  (CHl'C)  (.MOSCyro  No.  2) 

.A  discription  ol  each  of  these  major  com()onents  is  nivin  in  the  tollowinn: 
1.  .Modulated  DAC  (.MOS  S.MC) 

This  substrate  receives  parallel  dinital  data  and  timinn  sinnuls  and 
out|juts  12  modulated  sinnals  which  art'  list'd  to  ctintrol  tht'  spin  motor. 
This  substrate  al.so  [irovidt'S  six  discretes  lor  use  tin  tlu'  modult'  and 
t'xternal  to  the  module. 
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Figure  21,  Signal  Cieneralor  and  Memory  Functional  lilock  Diagram  (SFF  -1) 


Moilulatcd  DAC  (Ml  »S  1 l-.M  l‘.  I't  )NT) 


1 his  sulist  ratr  (•(‘Cfi  \ I'S  parallel  dij^ilal  data  and  mitpuls  lli  d-e  analog 
signals  id  w hieh  ei^ht  are  used  tn  eoiitri)l  the  temperature  eoiit  rul  ler  s. 

1 his  sulistrate  alsii  |)ri)\ides  six  discretes  inr  use  ou  the  module  and 
external  to  the  module. 

;t.  Spin  Motor  Controller 

I his  sulistrate  reec  i\es  Irom  the  Modulated  l).\C  (Mti.S  S.MCi  lour 
siiiiials  summed  to  lorm  Kx  whiidi  is  amplilieil  and  |)ro\ides  input  signals 
to  the  I.\l  Spin  Motor'  .Amplilier.  1 his  output  is  also  huilered  and  sent 
to  SI-  r No.  1 and  No.  2 MoiKile  lor  calibration  and  tonjiic  dislui'bancc. 

1 tils  sulistrate  also  amplilies  the  summed  sif^nals  ol  I'V  ;ind  I' / to  lorm 
outputs  to  the  l.\l  Spin  .Motor  .Amplilier.  I'his  sulistrtite  also  receives 
leedhaek  sif^nals  Irom  the  Spin  .Motor  coils  lor  conditioning  and  receives 
diseri'tes  lor  lilter  and  n;iin  modilictition  ol  the  oul|iut  sij^nals. 

1 . 1 ( niperature  Controller 

Ihis  substrate  recidves  d-c  analo;^  signals  Irom  the  Modulated 
DAC  ( .Mt  )S '1  I'.  M I’  CoNT),  amplilies  thi'  signals  and  jirovidcs  a 
signal  lor  heater  control.  I he  substrate  also  receives  parallel 
dii;ital  data  and  provides  a latch  for  ci^ht  discrete  outputs  for 
s\  stem  use. 

~>.  Calilirati  ni  Constant  Stora^te  No.  1 and  No.  2 

d hese  two  substrates  when  combined  provide  a IK  x Hi  nonvdiatile 
tiiemorv  storage  for  sv  stem  eal ibration  constants. 

(i.  -Ml  .M  and  l-.M.A  1 imiiifi  Cicncrator  iMoSi 

1 his  substrate  receives  sifiiials  and  acetderation  pulses.  It  outputs 
timing  si);tials  lor  the  Ml  M llcmods.  Spin  .Motor,  K.M.A,  DM.AC 
and  conditioned  I'M.X  si^;nals. 

T.  (^uasi  !h  Icreiiee  (ieiierator  No.  1 and  No.  2 

I'.ach  substrate  receives  discretes,  clocks  and  a paralWd  data  bus  to 
set  fretiueiiev  of  timing  signals  to  .Ml  .M  demodiiltitor s ;inrl  the 
!5|)in  .Motor  .Modulated  D.AC. 

'rhe  Signal  (ienerator  and  .Memory  Module  providi's  continuous  stortige  and 
re.adout  of  a etilibr.ation  const.ant  word.  .Additional  limctions  w ill  be  performed  as  par 
of  modes  of  operation  which  involve  this  moduli-. 

Sell  tests  consists  of  I-.M.A  test  freiiuency  m-nertition  :md  ri-adout.  Output  from 
the  .Spin  .Motor  Substr.ate  will  be  tested. 
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riu'  Spill  Motor  Control  MoS  Circuit  thnt  is  utili/.cd  on  SI-  C 1 is  (Icscrilicd  in 
l’:i  ra  n.  1.  Hoth  tlic  Spin  Motor  Cont  rollc  r ( 1 li  1 sr>-r)07)  and  the  rcni|)cratu  re 
Controller  1 1 2 t'.tti-oOTl  a re  t hiek  lilin  hyinids.  (See  Appendix  A.  ) 

A worst  ease  anal\sis  and  a thermal  analysis  were  completed  on  hoth  of 
lhes(  h\hrids.  The  thermal  ana l\ses  result s are  siimmaia/ed  in  Appendix  H.  The 
results  ol  these  aiialvses  show  that  all  the  reliahility  design  guidelines  h;ive  been 
met . 

The  timet  lonal  and  sereim  tests  perl'ormed  on  the  hybrids  are  listed  in 
Appendix  C ol  this  report.  l ;ieh  hybrid  h;is  met  or  exeei’ded  test  S()ecirieation 
I t ()ui reinents . Appendix  1)  provitit's  additional  inlormtit ion  relative  to  precision  thin 
lilm  resistor  re(|uirements  and  pe rl'ormtinee  tests.  The  data  shown  in  .Xppemlix  IJ 
indieatt  the  resistors  are  exhibiting  exeeiicnt  stability  and  are  meetinti  st;ibility 
reiiuirements  also. 

I wo  SI- 1 1 modules,  incdudin<t,  one  spare.  Were  assembled  and  tested.  -A 

photograph  ol  a completed  SI  C 1 module,  less  the  Cal  Constant  Storages  .\o.  1 and 
No.  2 hvbrids,  is  shown  in  I'imire  22.  .Appendix  !•  provides  inlOrmtition  relative  to 
the  tasks  in\oh('d  in  the  labrieation,  assembly  and  test  ol  the  modules.  1 he  lunc- 
tional  and  screen  tests  perlormeil  on  the  modules  are  listi-d  in  Appendix  C.  I'tieh 
ol  these  modules  nu  t or  exceeded  detail  desit;n  S|)eei I ietit ion  reiiuirements. 


1-  iliure  22.  Signal  (leiu  rator  and  .Memory  .Module  (.Sbll  I) 


l.ii  lAI  j2^.sij;n  Develop  I ;il)  I'cst 

rhi  ()i  i};in:il  (It  si^ii  oT  tin  l.\l  \v:i.s  :i  iion-i'ot.itiii”,  slioeU  mouiitt d si i-uetii t-e. 

I'his  st  l•lletll  ft-  w.'is  iilso  .1  eoltiphite  to  pfovitle  cooling  lof  tlie  instnimenls  wliieh 
eonsislt  (I  ol  two  liSCi's,  tliree  DMA’s,  Spit!  Motof  I leet  roiiies,  tintl  two  ( 'li;i  rue 
Niiiplitit  r Modules.  This  (iesip;ii  is  depietetl  in  I inure  lid. 

I'ht  decision  to  im])l(  ituiit  ;i  rottitinn  lAI  w:is  made  in  April  I'JTti.  Tlit  rotatinn 
lAI  eonlinuration  is  siiowii  in  I inure  2 1.  The  unit  is  mountetl  on  :i  shock  isolated 
rinn  tica  r which  ridt  s on  ;i  lour  point  cont.'ic-t  Ittill  raditd  hetirinn.  I he  rinn  nt'f  •' 
rot:it(  s iitiO  den  i>'  ' minutt  via  ;i  sv  iiehronous  motor  and  is  monitored  liy  ;m  enctKier 
which  communicates  with  tht  computer.  A limit  stop  mechanism  is  prov  ided  to 
pit  vent  ovi fridinn  tht  revi  rse  point  in  case  ol  a lailure  in  the  svstem. 

The  rotation  section  which  supports  the  i;S(  i's,  liMA’s,  and  {'harne  Amplifiers 
rt  quirt  tl  spt  citil  attention.  The  Charnc  Amplifier  MI,I5  had  to  he  redcsinned  into  a 
circular  confi nn nati on,  (set  Para  2.  l.(i.  1.  1)  and  the  fSMA  mountinn  surfaces  were 
channed  Irom  an  orthononal  i-elationship  to  a shimed  orientation  slinhtl.v  off  of 
orlhononal  hv  a few  minutes  of  arc. 

The  IvSti’s  are  mounted  directlv  below  the  (harne  Amplifiers  and  a re  inlcr- 
conneett  (1  via  triax  cables.  All  lAI  interconnections  a I’c  via  a twist  capsule  which 
interfact  s with  th('  MIH. 

rhe  functional  block  dianram  of  the  IA(  is  shown  in  I inure  2.",  and  illustrates 
the  tvpes  of  electrical  interfaces  made  throunh  the  twist  capsule  to  the  Mill. 

f abrication  of  detail  parts  for  the  rotating  lAl  was  started  in  May  l'J7(i. 
Assemblv  and  wiring  of  the  lAI  started  in  -lune  and  was  completed  in  Inly.  1 it 
checks  of  the  lAI  into  the  Mill  (rotating  version)  was  also  accomplished  in  .lnl\. 

In  August,  the  lAI  wiring  was  verified  and  tht  lAl  was  delivered  to  the  integration 
lab.  A photograph  ol  the  comijleted  lAl  is  shown  in  f ign  re  2(>. 
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1 inure  21. 


TRIANG LE 


2.  1 . (i.  1 1 At  I !l  ( ft  ronifs 


rlu  lAf  Klfftronifs  consist  ol  the  Clinruc  AmpUricr  Klcctronics  Asscmljl\  an(i 
the  Spin  Motor  Kleetronies  As8eml)l\  (see  l ij;iire  2.")).  Ihielt  of  these  asseml)lies  is 
(tisenssecl  in  the  lollowin^i  paraj;raphs. 

2.  1.  <i.  1.  1 Charge  Amplifier  Kleetronies  Assemljly.  t he  Charge  Ami)lifiers 
pro\  ide  a precision  ehai'ge  to  the  electrodes  of  the  KSC/s  proportional  to  the  signal 
at  the  Chai’ge  Amplifier  input.  A total  of  1(>  Charge  Amplifier  hylirid  circuits  are 
required  per  I!  I’M  s\stem.  The  Charge  Amplifiers  are  packaged  on  two  Milt's. 

The  Cha  rge  Amplifiers  receive  the  modular  outputs  from  the  Suspension  and  MI  M 
f leet ronies  Module  and  the  preload  signal  from  tiu'  I'iming  and  Sequencing  Module 
in  the  Si;r.  These  signals  are  shown  in  figure  1 (>.  These  signals  are  eomhimd  in 
the  ehai’ge  amplifier  waxeform  as  shown  in  figure  17.  A pulse  amplitude  modulation, 
tinn  di\ision  multiplex  scheme  is  mechanized  to  apply  restoring  forces  to  the  rotoi’ 
and  to  sense  rotor  position.  'The  four  modulator  outputs  are  zero  in  tin  readout 
periods,  during  which  time  a constant  charge  (preload  kwel)  is  applied  to  the  gA  ro 
electrodes.  "The  plate  \<)ltage  during  this  time  thei’efore  depends  upon  the  distance 
between  the  plate  and  rotor.  When  the  modulator  outputs  are  nonzero,  a restoring 
force  is  being  applied  to  the  rotor  because  the  plate  which  is  farther  from  the  rotor 
recei’.-es  a larger  charge  than  its  opposing  plate.  The  polarity  ofthe  charge  is 
rexersed  e\ery  "iO  microseconds.  A period  of  six  microseconds  is  allowed  for 
charge  r(  \ ('rs  il,  du  ring  which  time  the  plates  receive  zero  charge.  'Thus,  each  oO 
I microsecond  interval  is  divided  into  six  mici'oseconds  of  zero  charge,  12  micro- 

seconds for  readout  and  22  microseconds  for  forcing.  A iiigh  voltage  power  supplv  is 
required  for  the  Cha  rge  Amplifiers  with  waveforms  as  shown  in  figure  27. 

TheChai’ge  Amplifiei’s  designed  for  f I’M  were  the  lowest  cost  confign  rat  ion  (hat 
could  b(  devised  which  could  give  satisfacton’  operation.  At  one  time  it  was  thought 
that  the  lloating  unitv  gain  buffei’  coiddbe  eliniinated  in  the  Charge  Amplifier,  fater 
tests  showed  that  this  gave  excessive  forcc-pickoff  coupling. 

The  Charge  Amplifier  substrates  use  thin-film  technologv  as  described  in 
Appendix  A.  As  showii  in  Table  A-1  ol  Appendix  A,  a total  of  2(i  Charge  Amplifier 
hvbrids,  including  10  spares,  were  fabricated,  assembled,  and  tested. 

A thermal  analv  sis  was  conducted  on  all  the  semiconductors  within  the  Charge 
Amplifier.  The  re  sults  of  this  analv  sis  showed  that  junction  temperatures  were  well 
below  those-  allowed  in  the-  re-liabilitv  design  gnide-line-s.  The  re-sidts  are-  shown  in 
Appe-ndix  I!. 

Thre-e  Chai’ge  Amplifi(-i-  fle-ctronic  Asse-mblv  modules,  including  one-  spare-, 
were-  assembled  and  te-ste-d.  Appendix  f provides  information  i-e-lative-  to  the  tasks 
involve-el  in  fabrication,  asse-mbly,  and  test  ol  (he-  nuKlules. 

'The  Charge-  Amplifie  r hvbrids  and  moelide-s  we-i-e-  functionallv  and  scre  en  tested 
pe  r the-  specifications  listed  in  Appendix  C.  The  performance-  ofthe-  Charge  Amplifie-rs 
has  be-en  outstanding.  The  se-  Charge-  Amplifie  rs  have-  be-e-n  pi'oven  to  be  not  subject  to 
latclu'panel  the-  de-sigji  is  simple-r  and  le  ss  ceestlv  than  am  prece-eiing  design.  A phevtogi’aph 
of  a completed  Charge-  Amplifie  r moekde  is  shown  in  |-igni-es  2H  and  2!). 
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2.  l.(i.  1.2  Spin  Motor  I li  c-l  i-onics  Assembly.  The  Spin  Motor  iMcct  ronics 
,\ssi  inl)l\  fontnins  the  power  imiplitiers,  f;\  ro  motor  coil  select  relnys,  and  spin 
motor  power  on  ott  relays  required  to  drixe  the  gA  ro  spin  motors.  The  Spin  Motor 
Idectronies  Assemhlx  is  contained  on  three  printed  circ’Uit  boards.  There  are  two 
Spin  Motoi-  P >wer  Amplitii'T-s  (P  N 1 27-)()-r)()7- I and  -11)  and  one  S|)in  Motor  Mil? 
Assemblx  (P  N I 27.'):?-.')()7).  Tliese  three  S|)in  Motor  I dectronics  subassemblies  are 
shown  in  1 i>;nre  :?(). 

Duriii);  thi'  desif;n  phase,  ti-adeol't  studies  were  conducted  to  determine  the  lowe  st 
cost  and  meest  re  liable'  con  I i);u  ration  leer  the'  spin  me)te)r  peewer  amplifiers.  It  was 
conelude  el  that  a brielj>-e  sta);e'  such  as  that  use  el  on  tiu'  pre'v  ious  sxste'm  (N77)  was  meere' 
compli'X  anel  le'ss  e'fficie  nt  than  a comple  nu  nta  n peewe  r stat>e'.  The'  ceemple'nu'nta  r\ 

])e)W(  r stafz;e'  requires  pe)sitive'  anel  ne'gative'  peewe  r supplies,  but  this  is  ^e'lu  rate  el 
simi)l\  by  re'cti I'y in);  100  11/  peewe'r. 

The'  Siiin  Meiteer  Mid?  Asse'mblx'  ceentains  eau'  Inbriel  circuit  (Spin  MeHeir  Powe'i' 

Pre  -Amplifie  r anel  l.offic,  p/X  I2r)2r)-r)07).  This  hx  briei  use's  thick-fil  m te'chne)le)‘>-y 
as  ele  se'fibe'el  in  Ai^pe  nelix  A.  Thre  e'  Spin  Meeteer  I’eewe  r Pre  -A  m[)lili  e r anel  | ,e));ic 
hxbi’iels  ( ine'lueliii);  twee  spares)  we're'  fabidcateel,  a sse'mbU'el,  anel  te'steel. 

Twe)  eac'h  e)f  the-  thre'e'  subassemblies  which  make'  uj)  the'  Spin  Me)te)r  Id e ct remics 
Asse'inbh  (Se  e'  I inure'  .'?0) , i lU'I ueli nn  eaie'  si)are'  e'ach,  we're'  asse'inble  el  anel  te'ste'el. 

A|)|)e  nelix  f.  iiren  ieles  infeirmatiem  re  latixe'  tee  the' tasks  in\e)he‘el  in  fabricat iein , 
assemblx  , anel  te  st  e)f  the  se'  subasse'inbli  e s. 

The'  Spin  Meeteer  I 1 e ct  reinie'S  Asse'iiiblie's  anel  the' Spin  Meetor  Peewe'r  Pi  I'-A  mpl  i fi  e'r 
anel  I onic  Inbriels  w e t-e  fuiu'tieinallv  anel  sc're  e'n  te'ste'el  pe  r the'  spe  cificatieins  liste  el  in 
Api)e  nelix  ('.  All  the'  re  qiii  re  ini  nts  calle  el  eiut  in  the'  elctail  ele  sinn  si)e  ci ficatiniis  we  re 
me  t b\  the  Spin  Meitor  I le  e-t  real ie-s  Asse'inblx  . In  aelelitieai,  reitor  spin-up,  he'■■^  anel 
brake  te  sts  we  re'  eeaielue-te  el  eai  Te  st  Statieai  l\  with  the  feillowinn  re  sults: 

1.  Iteiteir  Spin-eip  l e'sts-  forlj;  ly  1.0  amps  rms  i n the'  x- anel  \ -n>  ro 

feeds  anel  1/  1.1  amps  rms  in  the  /-'coil  with  2.  1 amps  elc  from  the'  iienve  r supply,  a 

roteer  spin-up  time  ol  0.7  sec  (to  2700  rjis)  was  achi e'xcel.  The'  ele'tail  elesiwii 

s()e  ei  fie-atieen  reejuire's  a spin -u|)  ti  nu'  eef  lo  sec. 

2.  Iteeteer  lie  at  Te  sts  - With  a /-ceiil  e'urre  nt  eef  a.  1 amps  rms,  the'  reeteer  heatinn 
rate  was  loP’l  min,  wliie'h  is  we'll  within  the'  eletai  1 eles  inn  siee'ci  ficatieen  requi  renient 
of  s()'’|  min. 


:?.  Iteeteer  drake-  Te  sts  - 1 or  lx  1,,  2.2  amps  rms  in  tile-  x-  anel  y-nA  f"  coils 

ami  I 2.;?  amies  rms  in  the  /-ceeil  with  a 1 ;?  eluty  cycle-  in  e ach  ceeil,  the-  reeteer  was 
brakeel  freem  2.").'e0  rps  tee  le'Ss  than  2 r()s  within  "eO  sec.  Th.' eh'ta  il  elesinn  spe'i'i  ficatieen 
re  fjuire  s 0 1 se-c.  I ini'i’e  ;?!  sheews  the  spin  eleewn  preefile  . 


ROTOR  SPEED  RPS 


I ifiUfc  .'il.  Kotor  S|)(  ('(l  VK  'J’inic,  Kotor  Itrjikc  Test 
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2.  I'.MA  Ik'siun  I )(‘\t'l()[)  Ti-st 

I'iu'  1;M.\  (U‘.siji7i  ;iii(l  (icvclopiiu'iU  ohjc-c'tivfs  wi-ri-: 

K Ui'cliiccil  proiliictioii  jind  owm-rship  costs. 

2,  I'ost  I’lMction  pcrrornioncc  vvlicn  heated  at  SO*’l''  minute. 

2.  Improved  stability  and  repeatability  across  the  expected  severe  MICRON 
ensironments. 

1.  l■'al)rieatio^  and  evaluation  of  two  A77M  Knuineerinj;  Development  Models 
(Id)M's)  and  six  A77M's  for  the  MICRON  bl’M  system. 

The  A77  1;MA  (N77  xersioni  design  was  modified  to  address  these  objectives. 

The  modifii'd  design  was  idc-ntified  as  the  A77M  KMA.  The  hi^h-eost  components  and 
activities  (proeessiiift  and  testinjti  of  tlu‘  A77  KMA  were  identified  and  the  projected 
production  costs  for  the  A77M  design  were  reduced  to  14  percent  of  the  A77.  This 
cost  is  within  20  percent  of  the  I-iMA  target  cost. 

Two  I-.n^ineerinn  di‘V(doi)ment  models  (IlDM's)  of  the  A77.M  were  eompleU'd  and 
functional  and  performance*  evaluation  tests  were  conducted. 

riie  A77M  configuration  is  shown  in  Fixtures  22  and  22.  Some  of  the  design 
fi-atures  and  i mprovc-ments  are: 

1.  The  llexure  be;irinp;and  proof  mass  pendulum  are  of  etched  and  abraded, 
low  mechanical  hysteresis  fused  silica.  The  sUitors  and  outer  ease  are 
of  Invar.  Tin*  thermal  expansion  coefficients  of  fused  silica  and  Invar  are 
tnatehed  within  1 ppm  F*’.  lixeei)!  for  tlu*  forcer  coils,  the  c*ritical 
assemblies  are  elam|)ed  together  with  screws  or  sprinjt  loaded  pressure  pads, 
rile  benefits  of  these  features  are  low  temperature  sensitivity  and  improved 
lonit-term  stability. 

2.  The  analof;  sensor  and  servo  diftiti/er  assembly  arc*  both  hermeti(*al ly 
sc*aled,  separable,  testable  and  intc'i'ehanneable  ”pluK-in"  subassemblies. 

The*  bc‘n(*fits  are  lon>;-term  stability,  i*ase  of  diagnosis,  and  cost  reduetion. 

2.  The*  p(*rmanent  maftnets  arc*  hinh  c*nc*rny  product,  hit>h  coereivity, 

unshouldered  samarium-cobalt  material  rc'plaeinf*  shoulclc'rc*cI  Alnieo  magnets. 

The*  bc*nc*fit  is  long-term  stability. 

I.  The  total  FMA  scale-factor  temperature  sensitivity  was  reduced  by  magnetic 
shunt  compensation  of  the  sensor  magnetic  circuit.  Phis  development  com- 
pletely eliminatt*d  all  of  the  costs  associated  with  the  A77  self-contained 
temperature  controller,  sensor  and  control  heaters.  Benefits  are  cost  reduction 
and  fast  reaction  performance. 

f).  The  A77M  design  represents  a 24  jjereent  reduction  in  mass  and  thermal 
capaeity.  The*  volume*  has  been  ri*duced  IH  pi>rcent.  IU*nefit  is  fast 
rc-aetion  pc*rfc)rmanee. 


68 


Figure  33.  A77M  EMA  CXitline  and  Electrical  Interface 


(i.  riu'Sfiisor  inU-riKil  confinuiMtion  is  niort*  symmetrical  and  rc(|uircs  k‘ss 
machining.  This  improves  the  proof-mass  suspension,  position  piekoff 
symmetry,  and  reduces  the  associated  bias,  'riie  assembly  tt)f)linn  is  alsf) 
simplified  by  the  improved  symmetry.  Uenefits  are  cost  reduction  and  lotij;- 
term  stability. 

7.  Some  actual  and  potential  failure  modes  luive  been  eliminated,  l or 
example,  a printed  circuit  board  and  cable  assembly  between  the  servo 
digitizer  assembl\  and  the  KMA  connector  are  no  longer  used.  Benefits 
are  cost  reduction  and  improved  reliability. 

s.  The  entire  piekoff  preamplifier,  demodulator,  servo-control  amplifier 
and  \elocity  output  digitizer  circuitry  are  packaged  on  a 0.7.1  in.-  thin- 
film.  hei’metieally  sealetl,  substrate  iissembly  within  the  .•\77M  envelope. 
Benefits  are  cost  reduction  and  ftist  reaction. 

.Xutonelies.  through  cooperative  development  with  a thin-film  substrate  supplier 
(ilalex  t’orp.  of  'forranee,  CA),  has  demonstrated  the  feasibility  of  procuring  servo- 
digitizer  substrates  with  exceptionally  stable,  and  low  temperature  sensitivity  resistors. 
A significant  percentage  of  the  A77M  cost  reduction  will  occur  in  procuring  completely 
assembled,  stabilized  and  hermetically  packaged  servo-digitizer  assemblies  of  this 
type.  Test  results  of  the  first  two  "Ilalex  substrate"  digitizers  are  shown  in  Table  10. 
These  test  results  are  well  witliin  tlie  KMA  specification  requirements. 


FABLK  10,  ITST  RKSULTS  OK  "IIAI.KX  SUBSTIlA'li:"  DIGITIZKR 


Serial 

.Numbc'r 

Cha  raeteristic- 

A77M-7(i02-00lD 

A77M-7002-()02D 

Bias  (Mg's) 

-OH 

■ ,')!) 

Bias  Temp 

Sens  (Mg's  K*’) 

-0.  1.^) 

•1.1 

Bias  Drift 

0 mk'h  12  days 

0 Mg's  IH  hr 

.Scale  factor 

Temp  Sens 
(ppm/K*’) 

-0.  1 

•0.  H 

.Scale  factor 

Drift 

< 1 ppm/12  days 

cl  ppm  4H  hr 

Scale  factor 

Short  Term 
.Stability  (peak- 
to-peak 

1 ppm  12  days 

2 ppm  4H  hr 

2.  l.(i.2.  1 I'liiH-tionnl  :mil  Sliort-Ti'rm  I-^MA  'I'csls.  'rlu'  rt-sulls  of  fuiicli<)n:il 
:in(l  cvjiluiition  losls  of  tho  two  A77iM  IsDM's  iiro  shown  in  'I’iible  11. 

TAIU.F  11.  A77M  FI  NC  FIONA  1.  AND  FNC'.lNFKUINCi  TFST  RKSl!  l.TS 


Serial 

.Number 

Characteristic 

.Spec  Reqml's 

A77M-7(;02-001 

A77M-7002-002 

Bias  pig's) 

! 5000  ” 

-570 

-313 

Bias  Temp.  Sens, 
pig's /F^’) 

ilO 

-1.2 

-3.  1 

Bias  Short  term 
Slabiliti  (peak- 
to-peak) 

1 0 pg's.  rms  ' hr 

11  pg's/10  hrs 

7 Kg's/ Hi  hrs 

Si'ale  Factor  Temp. 
Sens,  (ppm  f'’) 

■tlO 

M . 1 

•2.b 

Scale  f actor  Short- 
term Stability 
(peak-to-peak) 

15  ppm,  rms /hr 

12  ppm,  |)k  to  pk  ' 

K;  hr 

7 ppm,  pk  to  pk 

10  hr 

Input  .Axis 
Misalignment 
(p  radians  | 

43(>3 

(iS4 

5«2 

2.  l.().2.2  A77M  F;i.st  Honclioii  Tests.  Figure  34  shows  the  output  pulse  rate 
of  A77iM-7(i02-002  as  a function  of  lime  anil  temperature  during  fast  warm-up  ramps 
of  approximately  hO  I-^’Aninute.  'I’he  .‘\77M  anil  the  fast  reaction  heaters  of  both  the 
instrument  anil  its  mounting;  fixture  are  simultaneously  turned  on  at  0"  F after  a -2rj‘^F 
cold  soak.  The  three  tests  occur  over  a five-day  interval.  The  time  to  outjjut  stabili- 
zation at  KiO'^F  after  turn-on  at  0”  F is  4.5  minutes  or  less,  which  is  well  within  the 
specification  ri'ijuirement  of  (J  minutes.  The  repeatability  of  the  final  \alue  of  the  out- 
put pulse  rate  for  the  three  tests  is  approximately  20  Tliis  includes  any  errors 

associated  with  removal  and  remounting?  of  the  FM.\  and  its  mounting  fixture  after 
each  exposure.  The  average  sensitivity  over  the  full  range  of  0‘’F  to  lOO^’F  is  less 
than  -Spg's  'F*’.  Comparable  fast  reaction  results  were  achieved  on  .•\77M-7()02-001 . 

Two  of  tlic  .\77.M-7(i()  1 FMAs  for  the  .MICRON  FPM  system  were  also  fast 
reaction  te.sUal  from  0"F  afti’r  -2.5**F  cold  soaks  as  above.  Typical  .\77M-7()04  fast 
reaction  is  .shown  in  Figure  35  with  the  test  results  of  .No.  003Y.  Output  sUibilization 
again  occurs  at  1.5  minutes  after  turn-on  with  output  ramps  better  tlian  Hie  required 
1.  5 pg's  min  in  two  of  tlu*  threi-  runs. 

2. 1.  (i.  2.  3 A77M  Threshold  Tests.  Tests  were  conducted  over  the  range 
±3.  5 milli  "g"  toTetect  any  offseFs,  discontinuities,  or  scale  factor  mismatch 
about  the  threshold  zone  of  zero  ”g"  inputs.  Figure  3(1  shows  the  results  of  one 
such  experiment.  No  offsets,  hysteresis,  or  threshold  dead  zone  were  observed 
using  25  pg  incremental  inputs  around  zero  "g". 
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EMA  OUTPUT  PULSES/30  SEC 


1499980 


1^-  16  ufl's 


• STABILITY  OCCURS  4.5  TO  5.0  MINUTES 
AFTER  TURN-ON 


LEGEND: 

• = 39.7  WATT  HEATER  INPUT 
□ = 42.9  WATT  HEATER  INPUT 
(*)  = 40.5  WATT  HEATER  INPUT 
A = EMA  MOUNTING  FIXTURE  TEMP 


NOTES. 

1)  EMAs  COLD  SOAKED  © -20°F  BEFORE  TEST 

2)  INPUT  ACCELERATION  « ZERO  "g" 

3)  AVERAGE  SENSITIVITY  (FULL  RANGE)  -3  ug/F° 

4)  THERMAL  RAMPS  WERE  80  F°/MINUTE 


1499930^ 


6 7 8 9 10  11  12  13  14  15  16  17  18 

MINUTES  AFTER  TURN  ON  • 0°F 


Fi>?ure  34.  A77M-7(!02-002  Fast  Reaction  Tests 


J 


fixture  temperature 


3Mnivu3dMai  aunixH 
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PE  NDULUM  IN  "GATE"  POSITION,  I.E.,T,  P HORIZONTAL,  0 VERTICAL 
1 COUNT  RESOLUTION  - 8 figs 

EM  A OUTPUT 


14W6» 


FlKure  :j(i.  A77M  KM.\  Thri'shold  Test 
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I'lu‘  six  AT7M  l-^MA's,  lor  tlu‘  .MK'IKiN  I'.PM  systoiiA  ( idciitil’icii  as  ATTM's 
TiiO  1-(I01V  llirou<;li  wi'i'c  complotisl  and  riiiictionally  tested  in  the  period  of  iune 

throii;;h  September  l’hoto”raphs  of  a eompleleil  and  "exploded"  A77.M  li.M.A  are 

shown  as  figure  .'17  and  I'i^nre  .‘is  res|)eetividy. 

I-  valuation  of  tlie  two  .\77M-7(i()2  dt-velopment  I^M.A's  continued  durinji  the 
fabrication  and  functional  sidl -off  testing  of  the  six  i:  I’M  liM.X's.  .\  !)()  day  stability 
li-st  was  c’ondueted  on  .•\77.M-7(i()2-0(ti2,  This  instrument  showcul  no  unidirectional  bias 
or  input  axis  diift.  I’lie  scale-factor  drift  rati'  decreased  with  time  in  th.it  the  initi.al 
aitin<;  was  =.">  ppm  day  and  the  final  aKinti  at  the  end  of  tiu'  !)0  day  test  was  =1.  .7  p|)m 
day.  .■\77M-7(it)i;-l)0  1 was  stability  tested  for  (id  days.  This  lAM.A  showed  a scale 
factor  drift  r.ite  of  =1  ppm  day  and  a bias  drift  rate  of  -.7  pj;s  day.  The  bias  drift 
rate  was  subse(|uently  eorri'cted  by  the  removal  of  some  excess  cement  between  a 
critical  si'iisor  to  diniti/cr  interface. 


I''i)fure  .'17.  Assembled  A77  K.MA 


In  the  pt'fiod  ( )ctol)(' r through  Noviniihi' r 1!(7('>,  n scries  ol'  I.MA  rciJcnUihil  ity 
tests  wt-re  i-omliK-ted  on  two  I!  I’M  No.  2 liMA's  (non-eonlr:ieti.  The  si'  tests  sinudnted 
.MU'Itti.N  diseontiiuions  oi)ei':ition  neross  |K)\ier-interni()t,  I'ool -flow n,  restnrl,  ;inil 
w;irni-np  to  nonnal  openition  lemperntnre  (liiO'M').  I'orty-einlU  point  niitonintie 
tumble  tests  were  eondueted  before  and  after  to  eialuate  anv  scale  factor  or  bias 
shifts  that  i>ei'nrred  across  each  power  interru|)t  and  eool-flt)wn.  In  addition,  test 
No.  li  in  this  si'(|LK‘nee  was  a si'ries  of  five  wide  ran^e  temperature  cycles  (-(if/’f  to 
21ii'’l'»  over  one  fi.')  hour  weekend.  Table  12  summarizes  the  results  of  these  tests. 
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The  tf)tal  scale  faetf)!’  change  over  the  22  day  period  was  -22  ppm  and  -125  ppm 
for  A77.M-7(H)S-0()sY  and  A77M-7(i()H-0()i>Y  respectively.  The  total  bias  change  over 
the  22  day  peritxl  was  -2  /xg  and  -2(1  pg  for  A77M -7()0S-()0S  Y and  A77M-7t»().S-()(l!)Y 
respi'Ctii ely.  These  changes  include  the  normal  drift  in  addition  to  the  effect  of  cool- 
down and  warm-up.  Kxcluding  the  -125  ppm,  which  occurreil  in  Test  No.  2,  the  KMA's 
have  stability  which  meets  system  reitui rements.  The  exceptionally  large  change  of 
125  ppm,  from  later  evidence,  could  have  been  due  to  a feed-through  leak  caused  by 
stri'sses  from  temperature  cycling.  Improvements  have  subscfiuently  been  made  (under 
separate  funding)  in  processing  technifiues  to  control  any  leakage  problem. 

Three  A77M's  have  been  operating  on  the  MK'HON  KPM  system  test  since 
!1  iX'Cember  li)7(i.  liMA's  are  periodically  calibrated  on  system  test  by  a 11  twsition 
"all  angle"  tumble  test.  The  results  of  1.2  KMA  calibrations  during  the  period 
!)  December  l!)7(i  through  10  .January  1077  show: 


TAUI.K  12.  A77M  KMA,  POWKH  INTFHHTPT  HKPKA  TABII.Tl  Y 
TMA  Stability  Hepi'ahibil ity  Across; 

• 22  days  discfuitinuous  operation 

• 5 pf>wi'r  interruption  and  cool  down  cycles  to  7o'*l' 

•»  5 temperature  cycles  from  -()5'’t  to  .f210'’F 

A77M-7)i0S-0()8Y  A77M-7(;()8-009Y 

Test  No.  ASF  SF  ( PPM)  AHias  ()ig's)  ASF  SF  ( PPM)  Allias  ()xg’s) 

1 11  -is  -5  '20 

2 (I  - 2 1 '7 


2'  I'AlA's  ronoved  from  test  for  5 temp  cycles  (05  hr)  from 
to  210‘’f  and  replaced  on  test. 
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1.  Nolle  ol  the  I MA  seiile  hietors  or  lihis  eh:int;es  ;ire  moiioloiiie  or  "running’  ;i\v;ty 

2.  Some*  ol  the  seiili-  hietor  imd  bins  shilts  ;ii)pe;ir  to  be  .sv.steiiKitie  while  others 
do  not. 

:t.  rile  d;it;i  ;is  ;i  whole  nppenrs  soiiiewlint  noisy  with  the  following  iiienn  ;ind 
stniidnrd  devintioiis  ealeiilnted  from  tlu'  initial  ealibration. 

SF,  X (lip  111  I ASF  SK,  ,T  (ppiii)  Albas,  X (ptf'si  AHias,  a (pu’si 


AOOIY 

-lb.  (i 

71.7 

-t; 

22.  () 

AOO  lY 

-27.  1 

1 1.  1 

1(1.  7) 

27.  1 

A 00  .NY 

2:") 

7)2 

-01.  1 

20.  i; 

2.  1. 0.  .2 

I NSi ; Design 

Diwelop  Fab  Pi'st 

rile  purposes  of  this  task  were  to  desif;n,  develop,  fabrieate,  anil  test  the  Mf  SC, 
instrument  to  meet  tin-  form,  fit,  and  fuiietional  requirements  of  the  l•:n>^ineerinK  I’rolo- 
ty|H'  Ml(  Iti  iN  systmii.  Also  included  under  the  task  was  the  fabrication  of  hardware 
assi'ts  ill  sutlieieiit  quantity  to  assure  continuous  system  support. 

A total  of  six  FSC.'s  (including  four  spares)  were  assembled  and  tested  for  the  i:i'M. 
In  addition.  Phase  2A  FSd  instruments  were  up);raded  to  the  K PM  configuration.  A 
photo);ra()ti  of  the  completed  instrument  is  shown  in  Figure  :b».  Fixture  10  shows  the  F.SC. 
with  the  spin  motor  detached,  ('riic  FSC  can  be  removed  from  the  F PM  without  removing 
the  spin  motor,  i 

During  Phase  2H,  the  primary  activities  relative  to  development  of  the  MFSC  were: 

1.  Narrow  Crooi’c  Cavity  Develoiiment  and  Fabrication 

2.  Small  Ca|)  Cyro  Development  and  Fabrication 

2.  Heater  Incorporation 

1.  Sure  Skirt  I )e\elo[)ment  and  Fabrication 

a.  Motor  Dciclopment  and  Fabrication 

0.  Fast  Iteaction  Motor  I )evelo|)nient 

7.  Maj^ntdic  Sensiti\ity  Studies 

Faeh  of  these  efforts  is  discussed  in  the  followinn  para);raphs. 

2.  1.('>.2.  1 Na  rrow  C roo\-e.  The  narrow  groove  confitturation  ea\  ity  members 
were  labrieated  with  nominal  a mil  grooves  as  com|)ared  to  the  formerly  standard  10  mil 
grooves  (Phase  2A  conli)turation).  I'lu'  jiurpose  of  the  change  was  primarily  for  improved 
modeling  and  aceuraev.  The  dec-ri'asc-d  groove  width  does  providi'  an  additional  benefit 

in  that  electrode  area  is  increased  approximately  four  percent  which  enhances  the  g 
capability.  Phase  2A  Mf.SC  units  wc're  ridrofittml  with  the  narrow  groovi"  iMvity  nu'mbi’rs 
as  repair  was  required.  The  units  which  were  evaluati-d  on  Test  Station  1\’  ( T S 1\  ) 
showed  good  functional  integrity.  Phase  2M  instruments  were  i-valuated  on  P S 1\'  and 
in  the  system  imvironment  with  very  good  results. 

1.0.  2.  2 Small  Cap.  .Ml  MFSC  instruments  wen*  fabricated  to  the  small  g'.ip 
conliguration  (22r)p-inches  at  10()‘’F)  vs  the  formerly  standard  200 // -inches  at  100‘’f. 

The  purpose  of  the  change  was  for  cost  reduction  purposes.  While  there  is  no  cost  delta 
ramification  with  regard  to  the  instrument,  tlu-re  is  signifieant  cost  reduction  with 
regard  to  the  electronics  associated  with  the  instrument.  Phase  2A  MFSC  units  were 
retrofitti'd  to  the  small  gap  configuration  as  repair  was  reipiired.  The  units  were  then 
evaluated  on  T/.S  IV  for  functional  integrity.  Phere  was  some  concern  that  some  degrada- 
tion could  occur  in  modeling  since  tlu‘  gap  was  decreased  eonsiderably  but  rotor/cavity 
roundness  was  not  inqirovc'd.  However,  testing  of  the'  updatcul  phase  2.\  instruments  and 
verification  testing  of  the  Phase  2H  instrunu'nts  showed  no  degradation. 
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2.  Ilr;ilri’  liu-oi-|H)i'atit)n.  In  the  •J:mu;ir\  1!)7<>  liim‘  pcficKl  il  was 

dcli  rminti'd  l)y  N77  Icstin;;  and  more  flrtailcd  .inalxscs  ol'  thcianal  patlis  lhat  there  would 
he  a need  to  install  heaters  direelh’  on  the  MMSC  bases.  The  reijui  remeiils  to  drive 
the  c'a\it\  at  a rate  ol  H0‘M’  niinuti'  eoulfl  not  he  accomplished  rearlilv  usin^  heaters 
imiunted  on  the  s\  stein  because  of  the  hi^h  resistance  of  those  thermal  paths. 

An  initial  method  of  heater  incorporation  was  desij^ned  and  heaters  were  placed 
on  order  in  the  latter  part  of  lanuarv  l!t7(;.  Toolinn  was  designed,  fahric-ated  and 
de\elopi'<l  to  install  the  heater  on  the  Mi:S('i  l)ase.  CeTmuitin^t  techni(iues  wi>re  flcvclopeil 
to  assure  ^ood  hondiiiLt  and  intimati'  contact  ht'twt'en  the  hc^atcr  and  the  MKSt!  base.  A 
heater  was  then  ai)plied  to  a tc'St  [licce  to  verify  bond  intej;rity  and  the  unit  was  then 
exposed  to  -I'l.V’l'  cold  soaks  and,  wliile  in  thi'  cold  soak  chambiT,  (at  -(iri  I'  controlled 
en\ironment(  the  lu'ater  powa-r  was  applied.  Heating;  rates  in  exca'ss  of  200‘’l'  minute 
wen-  aehii'Ved.  The  test  was  rc|)eated  approximately  t<“n  times  and  the  test  piece  was 
inspected  for  intej;rity.  No  si^n  of  bond  or  heater  dc'nradation  was  observed.  The  tests 
were  repeated  a^ain  and  thi'rc  was  still  no  i-vidcnce  of  det^radation.  A heater  was  then 
applied  to  the  basi‘  f)f  a bc-ryllium  base  I’httsc  2A  MliSCi  instrument  and  the  tests  were* 
be^un  which  would  permit  fk-sif^n  of  thi*  fintil  lusitcr  which  would  dri\i“  the  MliSCi  unit 
at  a nominal  s((i>|.-  niinute, 

IN  sts  wife  conductixl  on  :i  Phase  2H  full-up  instrument  coni iftu ration  by  wrapping 
the  total  unit  in  an  insulation  blanket  and  .allowing  the  unit  to  thermall\  soak  to  -Co'M' 
until  the  temperature  stabili/ixl  at  that  temperature.  System  level  |H)wer  was  then 
a|)pliixl  to  the  heaters  and,  with  the  chambi-r  still  maintained  at  -ti.'j*’!',  the  instrument 
was  allowed  to  heat  up  to  about  200‘’l'.  The  re.sults  of  these  tests  arc  shown  in  figure  11. 
As  shown  in  figui’e  11,  an  tucrage  rati'  of  warmup  for  a two  minuti'  period  was  approx- 
imatel\  sP’f  min. 

2.  1 . ().  if.  1 Sure  Start.  The  bervllium  base  units  as  designed  in  Phasi'  2A  were 
not  i-apable  of  meeting  fast  reaction  ri'c(ui ri'inents  bectiusi'  vac  ion  pumps  arc  inherently 
hard  starters  and  are  not  i)redictable  as  far  as  timi'  for  sttirting  is  concerned.  Thri'e 
of  the  Phase  2A  g.vros  wen-  modifii-d  to  include  a sure  start  configuration  and  were 
e\aluated  for  integrity.  The  design  did  prove  to  be  a workable  arrangement.  'I’hi' 
installation  however  was  very  cumbersome  in  that  it  was  neci-ssary  to  take  the  gyro 
apart  com|)letely,  cut  a hole  in  the  vac  ion  pumj)  .and  thiai  K-lfeam  the  suri'  start 
cartridge  in  place  and  then  reassemble  the  gyro,  'fhe  processing  jeopti rdized  the 
integrit\  of  the  base  pump  configuration  In-causi'  of  the  necessary  handling  by  m:my 
individuals.  During  the  initial  part  of  Phase  211,  tmother  design  was  completed  which 
incoi'iKir.ated  the  sure  st.irt  unit  in  the  pinch  off  flangi-  configuration,  installation  of  the 
sure  start  unit  was  .accomplished  bv  removing  the  original  |)inch  off  flange  (remove 
H screws  and  the  gold  o-ring)  and  installing  thi-  ni'W  pinch  off  flange  (8  screws  and  a new 
gold  o-ri  ng). 

2.  l.().  If.  .a  Motor.  The  MKSCj  motor  was  ri'designed  for  purixiscs  of  functional 
compatibility  with  the  new  |)ower  supplies  which  were  developed  for  the  KP.M.  Another 
goal  of  thi'  motor  nxli  sign  was  to  significtmtly  reduce  cost  of  f:ibric;ttion.  The  efforts 
and  .accomplishments  in  both  areas  are  summarized  in  the  following  paragraphs. 

(a)  Motor  f unction  Development 

lledesign  of  motor  iKiwer  su|)|)ly  I'lcctronics  (for  |)uri)oses  of  comjxitibility  with 
aircraft  (Kiwer)  also  caused  the  nxlesign  of  the  KPM  MKSt;  motor.  A number  of 
.analytical  reilesigns  were  accomplishi-d  and  motors  were  fabriciited  for  test  and  cvttluation. 
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Fiffuri'  41.  Tcmpi’raturc  Hamp  TcBt 
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I'll  1 1 1 coil  (Icsiuns  wel  l made  with  niaximuDi  volta^;*'  |■c((Ui  I’cincat s of  d.'i.  1,  10,0 
and  1.').  0 \olis  (i  ins).  I he  coils  were  dcsiuncd  tor  e((iial  flux  per  unit  current.  I he  / 
ci>il  laipper  volume  was  ini-reasttl  to  lurthc-r  reduce  losst's  in  copper  winding  during 
rapid  wai  nuip.  The  motor  co\t  r (MumeUili  inside  diameter  was  increased  about 
0.020  m.  t»>  aec-ommodate  the  adder  coi)per  voUime. 

A motor  tadl  combination  was  desinni'<t  which  optimi/efl  the  dc  sourc-e  ref|uire- 
meiits.  The  desit;n  ' mploved  une(|ual  flux  in  the  / coil  per  unit  current  as  compared 
to  the  X and  \ eviils.  A motor  of  this  flesif;n  was  assembled  (Motor  No.  f)).  The  motor 
was  desi(;ned  and  fabricali'*!  in  su])|K>rt  of  total  Motor  I’owci'  Supply  optimization.  The 
coil  had  72  turns  of  No.  2(i  wiri'.  The  ".X”  and  "Y"  coils  each  harl  8-1  turns  coil 
ol  .No.  :i()  win  (two  coils  axis).  In  this  desi);n,  ef|ual  tor((Lies  are  produced  when  the 
"/'■  eurreni  is  .at),  .a  percent  of  the  or  "Y"  currents.  All  previous  coil  designs  were 
such  that  I ((Ual  cui-|-ents  produced  et|ual  tor(|Ues. 

A test  was  then  devised  and  conducted  to  i valuale  .X,  and  /.  motor  coils  iclativr' 
efficiencies.  The  desired  end  result  of  tlu'  test  and  evaluation  was  to  pc-rmit  final 
desipi  of  a motor  which  would  provide  i\>tor  heatiii);  rates  of  80‘’1'  minute  while  Lisina 
the  maximum  voltage  available  from  the  system  (and  therefore  minimum  current). 

Tests  wei-e  conducted  using  a l-slot  Beryllium  Base  gyro.  A standard  high  iKvwer 
MICBO.N  prototyiie  motor  (with  a fiberglass  bobbin)  was  evaluated.  In  summary,  the 
motoi-  met  the  re(|uirements  of  the  motor  power  supply,  80‘M’  mimitc'  /,  coil  heating 
warm  uji  rate  (actually  over  100‘M'  min)  and  spinup  |x)lhode  damping  and  spin  down 
i-equi  i-ements.  The  motor  was  tested  in  coii  juction  witli  IvP.M  tyj)e  electronics  which 
used  |H)Wer  as  will  be  supplied  eventuallv  from  the  aircraft. 

In  luly  of  197(i  alumina  bobbins  were  received  and  were  assembled  into  the 
linal  design  MiCBON  Phase  2B  motoi’S  iti  sup|K)i-t  of  the  KPM  system.  Motor  vi'rifica- 
ti<»n  testing  was  then  perfoianed  on  Test  Station  1\’  (T  S 1\  ) in  ca)njunction  with  the  KP.M 
motor  iK)wei’  SLipplies.  .All  motor  functions  wei’c  evaluaterl  with  the  e.\cepti<'>n  of  |K)lhorle 
damping  which  cainnot  be  computer  conti’olled  on  T S 1\'.  The  results  of  these  tests  are 
summarizi-d  in  Table  Id  along  with  I'esults  obtained  at  the  I!  PM  system  level.  Specifi- 
cation ref|Ui  remeiits  for  these  functions  are  also  given  for  comparative  purposes. 

■A  bervllium-base  gvro  was  used  to  evaluate  the  /-coil  heating  ca|)abilitv  of  an 
liP.M  tv  pe  motor  powei'  supplv  integrated  with  an  Iv  PM  type  motoi'.  The  z-coil  heating 
ap)ili(>d  was  1.2  amjis  I'ms  at  a 5 Kll/  e.xcit.'ition  fre(|Uencv  fvir  dO  sec  t'lapsed  time. 

The  results  are  shown  in  I'igure  12  and  summai'ized  in  Table  Id.  The  obsc'rvi'd  ga)) 
change  was  (>7  p-in.  which  is  an  e(|Uivalent  rotor  heating  rati'  of  101.  a'M'’  min.  I'he 
required  rate  is  8()‘’l'  min. 

The  method  of  evaluating  I'otor  heating  is  illustrated  in  Pigui’e  -Id.  The  solid 
line  in  I'igui'e  Id  I'l'presents  the  gap  change  as  a function  of  rotor  and  cavity  si/i’ 
change.  The  rotor  size  increase  is  si'jiarated  from  the  cavity  size  increase  bv  pro- 
jecting the  "I’otor  I'hange  only"  si'ction  of  the  curve  (Section  D)  back  to  that  |H)int  in 
time  when  the  motor  was  turned  off  (Point  2).  The  actual  rotor  sizi'  change  rate  is 
the  slo|)e  of  the  line  I'onnecting  Points  (1)  and  (2).  .All  of  the  abovi'  is  |x)ssible  because 
of  the  short  tlu'rmal  time  constant  of  the  cavity  compared  to  the  long  time  constant  of 
the  suspended  rotor. 
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Z^OIL  HEATING.  30  SEC.  4.2  AMPS  RMS.  5 kHz  EXCITATION 
OBSERVED  GAP  CHANGE:  67A-IN. 

EOUIVALENT  ROTOR  HEATING  RATE;  101.5°F^IN. 


-Z^OIL  EXCITATION 
(30  SEC) 

I I I I I I 


TIME  - SECONDS 


I 1 1 


)2.  Z-Coil  Dealing  'Tfsls 
TAHl.F  i:!.  HKSri.TSOF  MOTOR  TKST. 
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'1  ime 
(see) 
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Heating 
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(<>F/ min) 

Urakiiif;* 
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(see) 

Polhode  D-impinj; 
Time  per  C.yro 
(see) 
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Test  Station  l\’ 

1-  PM 

I-  P.M  Spcf  Hc(|ui  l•(■n1(•nt 


'Hrakinn  linn-  may  l)c  controlled  l)y  tlu'  amount  of  DC  current  pronrammcd 
sc(|ucntially  tlirou^h  the  motor  X,  Y and  Z eoil.s.  T'l-sts  liavi-  shown  that 
the  rotor  can  he  spun  down  reliably  in  ;)()  see  with  adecjuate  l)attery  resi'rvi' 


riu-  actii.il  rotof  hi  aliiifi  I'alc  (IlUt  can  he  tlciiTminc/l  h\  the  (ollowia;;  cqualion; 


HU  — ('M'  miiK 

whi'i’c 

-\{  I cd  nap  chan^t',  a-in. 

At  (.•xcitalion  time,  minutes 

K|^  l.d'i  „in,  'M'  - t'xpiinsion  l'aeU)i'  tof  be I’vl lium  rolni- 
(i))  Metoi-  1 abrieation  reelini(|Ue  Deva-lopment 

(1(  laieapsulat ion  ol  the  Motof  Coil 

rile  intent  ol  this  task  was  to  improve'  the  lu'al  transl'er  charaeteristics  from  the 
motor  coils  to  the  e'Xtremities  of  the  MHSCi  Motor. 

An  eneapsulatinn  tool  was  rlesinne'fl  anrl  built  to  lx  used  on  thi'  mohiinn  machine 
in  the  Ti'ansdueer  lab.  A C'oil  foi-m  w:is  desinni'd  anei  parts  were  maehinerl  which  were' 
suitable  for  pressui'e  I'ncapsulation.  'I'hi'se'  c'oil  forms  we't'i'  made'  from  fibe'mlass 
(whie  h we  i-e'  ri'))lac'e'fl  late'r  bv  the'  Ae’2t>;3  ce>il  form  elescribeel  in  the'  ce)st  re'eluctiem 
e'ffeert  elise'USSe'ei  late'r). 
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l iniire'  43.  Ciaji  vs  l ime',  Ueetor  Ile'ating  I'e'sts 


I In  lii'-l  I iv  li)f  ciu  i|)suli  liii”  iJic  \M)unil  coil  .isscinhly  inlhc  molor  (•(ivcr  used 
Slvc  i>l  Kl  , uiili  I condiicliv  i ly  ol  .01  imI-cio  cni“-scc‘’('.  l ids  ni'ilci'iiil 

w I-  cliosi  n dfcoosi-  it  h;id  the  hiiihcsl  lli<  rn):il  condiicli\  ily  ol  the  ;i\;i  i lolilc  moldaldc 
( |ioMi  111!  ( luapsiili  lion  u.is  nol  siicccsslol  l)cc:uisc  llic  |);i  id  ides  were  loo  lait^e  to 

l>i  nt  ir  io  111.  spae.  I.clwc  n ih.  coil  ass.  inlilv  and  the  moloi-  eo\(  i-. 

I'll.  ne\l  malt  rial  tried  was  StveasI  li'an  1'  1'  with  a thermal  eondiicdi\ily  ol 

o.  on::  1 oal-em  em“-see‘’('.  This  mal.  rial  was  lound  to  hr  siieecsslul.  1' i\ <•  a ss.diihl  ies 
with  dilleiaiii  windinjis  were  eneapsiilateil.  The  molding  pia  ssure  ol  ahoiii  ■'00  psi  and  a 
h mpeiMliire  ol  ahmil  I Ta  1-  (77  (')  were  sollieienl  lo  j^et  j^ood  penetration.  The  eneapso- 
lated  ass.  inhlv  w as  held  in  the  mai’hine  lor  eiirinj;  lor  10  hours.  The  l ilth  ol  these 
isseinhlies  was  posleored  at  tlOO  1'  (1  III  (')  |o  prevent  railiire  ol  the  motor  in  e:ise  ol 
accidental  overheatinj^  in  operation.  All  1-  I’M  motors  were  I'.ahricated  (potted)  nsinn  this 
la  Iter  t(  vhniiiiK  . 

(2)  l.ow  -fost  Coil  I'orm 

Iterations  ol  desijoi  and  lahrieation  teehniiiues  were  pursued  to  establish  a low- 
cost  coil  loian  which  would  satisl'y  all  motor  lunc'tion  re.iuin  inents. 

The  initial  eltort  consisted  ol desinidnji  toolinj;  to  mold  a coil  lorm  with  Stycasl 
2''.")0  1'  r.  rile  coil  form  w as  simple  and  had  only  one  rianj;!'  witli  holes  lor  tiie  teianinals. 
rhi'  o.D.'il  in.  wall  thickness  was  i-e-enroreed  by  lour  ribs  which  also  se|)arated  the  "\" 
and  coil-s.  Several  vc'ndors  were  conUicted  lor  fabrictition  ol  the  coil  ioian  but  no 
one  had  had  enouf;h  experience  w ith  Stycasl  2^00  F T to  respond  to  Autonctics’  re(|Uesl. 

Parallel  to  the  above  ell'ort,  a search  vv;is  continued  to  establish  a low-cost  source 
for  the  motor  c-oil  form  which  would  jirov  idc  ;i  ^retiter  thermal  conductiv  ily  path  from  llu 
copper  motor  coils  thi’ou^ih  tlie  motor  coil  form.  Parmtilech  l)cvclo|)ment  Corp.  in 
ll.intinuton  Ue.ach  w.as  conUictcd  and  discussions  were  held  ;is  to  how  ;i  coil  form  could  be 
eencrtited  to  fit  our  geometry  :ind  to  be  suitable  for  their  Wiech  process.  ( TheWiech  pro 
Cess  is  described  in  lUisiness  Week,  September  la,  11)7.'),  pti^c'S  Hi.Dand  .'iilF.  ) Thcccr- 
amie  selected  was  !)!).''  oereent  A»'.,().,  which  had  a therimil  conductiv  ity  (f 
.til  cal-cm/cm“-scc  ( . 

rile  tool  lor  the  coil  form  and  a sample  batch  of  2a  pieces  were  ordered  from 
I’armatceh  Development  Corp.  I'hese  low-cosl  aluminti  coil  forms  for  the  spin  motors 
",  er.  rfeeivi'd  in  duly  P)7ii.  I'he  receipt  ol  Lliese  coil  forms  cailminaU;d  a nine  month 
coor'dina tion  effort  between  .Xiitotietics  and  the  sujjplier  (Parniatch  Development  Corpo- 
ration) with  respect  to  tooling,  labricti tion,  and  fintil  delivery  of  llie  part.  I’he  coil 
lorm  repr.  sents  ;i  significant  cost  l•eduction  item  and  yet  enhances  the  operational 
capability  of  the  motor.  I'he  coils  were  wound,  insttilled  on  the  coil  form,  and  iniection 
molded  with  the  Slyeast  material  at  Autonctics.  The  unils  were  assembled  and  tested 
without  problems.  The  motors  lunetioned  pro|)erly  in  till  respects. 

y 

Id)  l.ow -Cost  Motor  Cover  tind  Sh.eld 

I'hree  possible  tip'pi'otiehes  were  pursued  foi'  labi'ication  of  the  motor  covers: 

1.  Drawn  from  Nil'e  sheet. 

2.  Casting  the  part  from  .Mumettil. 

;i.  Forninji  the  ptirl  from  a Mumelal  billet. 

\ cndoi’s  lor  all  three  processes  were  coniticted.  l■'or(^in)^  and  casting  ri'puircd  a 
la  rue  timounl  of  finish  machining  tind  were  dismissed. 


\ I ndoi's  w ( r(  Mpproaclicd  lor  dir  lirsi  p |•l)c'(■cil|  rr.  Ai'iiold  i' n^i  lire  rinr  u ri  s 
willin'^  1(1  dr:i\s  iIk  p.irts  Iml  would  not  linisli  iiKicldtir  :md  rlcli  Ihr  purls.  I'lir  Mu^nrlic 
Shield  I )i\  ision,  I’r  |•|r(■lio^  M icu  Co.  , sriil  in  u ((uoir  lor  Ihr  drrp  druwn  pu  rt  I roin 
. u.",o  Nile  sh(  rl  pi  r .Miiil  Tu-iii,  1 , lypc  II.  I'hr  (luolr  iticludrd  liiiisli  mucliinin^  und 
rtrhiii'4. 

rwrnlv  ijiotoi' i'o\  r rs  were  ri(ii\rd  I roll)  llir  Mu^;nrlic  Shield  Division,  llu 
meusuri'd  !'(  Iriilivilv  ol  <i  ol  tin  molor  covers  vv  u s U.  .")  lines  ol  I'lux  prak-to-pruk  and 
these  six  purls  vv  a re  seiil  lo  Ihe  h(  ul-li'eal  shop  lor  reaniiealint;.  All  I I’M  niolors 
vv  ( re  made  Irom  llu  al'ii\(  hardware  and  have  vvori.ed  salislaclorilv. 

I'weniv  molor  shields  were  I’ccclvcd  Irom  Ihe  Mattiiclie  Shield  Division.  I'hepai’ts 
Were  dimensionallv  aeca  plahle,  hiil  ihe  relentivily  ol  Ivvo  lines  ol  Ilux  peak-lo-peak  was 
excessive.  I'lu  purls  were  relumed  and  Ihe  vendor  eonlaeled  ahoul  the  problem.  Ihey 
annealed  the  purls  a^ain  and  sent  them  back.  This  lime  Ihe  measured  retenliv  ily  vv:is 
<b  lines  ol  flux  peak- lo-peak,  and  Ihese  motor  shields  were  successlullv  used  in  the 
I-  I’M  . 

2.1.ii.li.d  I ast  Ileaetion  Holor.  .Ml-iSC.  rotors  must  have  certain  speeil'ic  charaetei'- 
isties  in  order  to  be  useable  in  llie  l-.'P.M  svslem.  Development  and  t‘'St  activities  were 
continued  during  i’hase  215  to  verily  the  latest  three  wire  rotor  eonlititi ration  to  be 
atle(|uate  tor  Id’.M  use.  The  re(|ui  rements  of  Ml  .M  amplitude,  ixiIIukIc  familv  sitinature, 
limits  on  a.xial  mass  unbalanei-,  polhixle  period,  and  eonsistanev  of  the  familv  eharaeter- 
isties  eontinued  to  lie  verified.  The  test  and  evtduation  of  appro.ximatelv  I.'!  rotors 
indieateil  that  all  of  the  rotor  eha raeterisites  are  acceptable  and  consistent.  ( )ne  MKSCi 
instrument  was  disttssemlibxl  for  a i-olor  replacement  because  of  e.xeessive  MIM.  The 
actual  MCM  magnitude  was  !)H  percent  of  the  A 1)  Converter  eaptieity  but  a small 
amount  of  noise  with  the  signal  e.aused  slight  saturation  of  the  A D Converter. 

2.  d.  li.  .‘5.  7 Magnet ie  Sensitivity  Studies.  Tests  were  eondueteil  at  the  instrument 
and  system  levels  lo  determine  sensitiv  ity  to  magnetic  fields.  .\  detailed  discussion 
)f  the  mannetie  sensitivity  testing;  is  Ki'cn  in  .Appendi.x  1'.  This  effort  was  performed 
under  a separate  lltKD  task  usiii”  the  XoTA  svslem.  .\Uhou”h  this  tictivitv  was  not 
performed  under  the  contract,  the  results  of  the  tests  are  included  in  this  report 
because  they  provide  information  on  the  sensitivity  of  system  performance  to  mai;nelic 
fields. 

2.1.7  Dl’l  _[)esjj[jn  Develop  I’ab  Test 

The  jiurpose  of  the  .MICI{()N  Dedicated  Processor  I nit  (Dl’l  ) is  lo  accept 
•MICltON  sensor  data,  provide  compensation  for  drift  and  altitude  readout  sources, 
solve  navinalion  efjualions,  and  provide  backup  data  bus  control.  .\  functional  block 
diagram  of  the  DPI  is  shown  in  l inui-e  I 1.  The  DPI'  consists  of  liree  multilaw  r 
nuxlules.  They  are  the  Central  Proet'ssor  t nit  (CPC)  shown  in  Pictures  Ci  and  IP, 
the  Pi'oeessor  .Memory  (P.M)  shown  in  f igures  17  and  IS,  and  the  Processor 
Input  ( iutput  (Pit))  shown  in  I'inures  ID  and  .AO, 

i he  three  DPI  modules  are  of  the  same  si/.e  as  other  MIC’HON  Modules.  The 
boards  are  hinh  flensily  mullil.ayer  pianletl  circuit  boards,  developed  to  sltmdard  );round 
rules  compatible  with  Ml  I P-a.Ati  It)  re(|Ui  |•ements.  The  C'PII  Ml,15  consists  of  12  Itiyers, 
the  P.M  ,MI,H  has  (>  layers,  .and  the  PU ) MI.15  has  D Ittvers.  The  CPI  nuKlule  design 
was  subconl  raeled  to  Al^orex  Cor)x>ration  for  the  compuleri  zed  comixment  placi'ment 
and  board  layout.  The  inemorv  and  Pit)  modules  were  desi^>ned  in-house  usinn  manual 
layout  .and  computerized  verification  techni(|ues. 
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2.1.7.  1 l'uiulioii;il  Drsc  riplioii 


2.  1.7.  1.  1 ('till ral  Proct  ssor  lUit  ((’ PI  ).  I'lu'  C'Pl  is  :i  l()-l)il  micropronranimctl 
proci'ssor  with  ai'cliilcflurt'  aiul  inst  l•tK•liotl  re  dfsi^iicfl  to  accoiiinnKlalc  lh<‘  hif;h 

spt'i'd  afithmi'tic  t)l'  tiu'  MI('11()N  navi(fati()n  system.  .Seven  jieneral  registers  .are  provified 
and  donl)le  prca-ision  insl  ruetions,  inc  luding double  pia'eision  mulLiplv,  li.'i\’e  been  ineor- 
|Kirali  <l  to  offer  the  his;l)  pi'eeisioti  r<  f(Uire<J  while  tTi.'tint.aininf’  the  effieien<'\'  of  ,'i  lt)-l)it 
pi'oeesst)!'.  The  Cl’l  funetions  are  iniplemente(l  with  only  2(i  M()S/|,.S1  eom|)onenls. 

These  et)m|K)mnls  can  be  sep.a rail'd  into  two  ealenories:  standardized  lofiie  building 
blocks  and  re;id-onl\'  nu'mor\  (llo.M)  devices  used  to  implement  the  insti'uetion  set  in 
tlu'  microi)roj;ram  control  section.  TabK'  11  summ.'irizes  the  usa^;('  of  these  comixuienls. 
The  standard  building  bloi'ks  had  been  de\'eloped  eai'lier  under  a comijans  fundc'd  program 
and  their  applical)ilil\  to  the  .Mlt'lloN  DPI'  was  demonstrated  under  .AT'  contract 
l'3.‘bil.a-72-C'-l  (>7  1.  Therefore,  no  redesign  of  the  .MOS  building  bl  icks  was  necessary 
with  the  exci'plion  of  the  P.AD.M  devici.  The  rialesign  of  this  device  wtis  inili.'itefl  to 
allow  the  deletion  of  two  .M.\ T devices  in  the  C'Pl',  lowering  the  cost  .'infl  impro\'ing 
reliabilit\ . 

T.AHI.l';  11.  MICRON  CPP  MOS  COMPONENTS 


Mt  )S  'T\  |M' 

Part  No. 

Name  Eunetion 

yuanlilv  Per  C PI 

I.AD.M 

;i()17!t 

Logie  .'IIkI  .Adder 

2 

.MNE 

:!()ln2 

Multiplexer  lour 

PCI 

:{(ii(ii 

Program  Counter  Timer 

INI 

.■{Dio.') 

Progi'am  Interrupt 

1 

AH 

:i()i)77 

.Accumulator  and  Huffer 

■1 

.MPC 

.■!()()7.7 

Micojn'ogram  Control 

1 

PS 

:s(in7ii 

Pi'gister  Storage 

•> 

AC 

:i(iii7 1 

.Algorithm  Control 

1 

Po.M 

Alt!)  11 

Read  Only  Memory 

1 

\u  »M 

Aottir) 

Read  ( )nly  Memory 

1 

IP  »M 

AO!)  Pi 

Read  Onl\  Memorv 

1 

POM 

A()!(17 

Pc'iid  Onl\  Memorv 

1 

POM 

Alois 

Read  ( )nl v Memorv 

1 

N<'W  mici'()pi’()f;i';im  |{(  ).M  c'(Kit's  were  to  pcnnit  i)lo('k  li'ansl'cr  ol  data 

lo  lw.'.  n the  ItAM  anti  ih.  nonvolatile  KAIloM.  The  five  mieropn.ntam  l?()M  devica  s 
eonlain  sloiaite  Ion  :,]2  eif;hl  hit  mieroinsl  rnetions;  Ittd  loealions  are  eiiriantly  used, 
allinvin^  some  additional  featuri'S  to  be  added  at  a latic  lime. 

Kxt.  nsivi'  simulation  effort  was  pedormed  to  validate  the  new  mieroproj; ram  c-(k1(  s 
and  the  loRie  of  the  t'l'l  with  tlu'  improve*!  l.ADM.  The  simulation  was  performed  on 
HIM  ;I7()  usine  a program  ealh'd  SIMSTIfAxV  (Svst<  m Simulation  with  Signal  Tracing 
Analysis). 

SIMS  riJAN  simulates  oix  ration  of  digital  systems  that  are  described  in  terms  *)f 
their  logical  and  functional  attributi's.  The  system  element  can  be  of  a wide  range  of 
types,  iiu  luding  analog  * dements,  which  may  b*'  described  as  digital  elements  with 
disci  etc  lime  didays.  Any  combination  of  synchronous  or  asynchronous  (,dc'm*’nls  ma\ 
be  simulated  di  reeth  , 


2.  1.7.  1.2  Processor  Memory  tl*M).  Th*'  DPI  can  operate  with  either  core  or 
semiconductor  menmiii's.  A cor*'  memory  was  used  in  the  integration  phase 
liecause  of  the  lu'ed  to  maintain  software  flexibility.  A semiconductor  memory  with 
i leclricalh  ))rogrammabli’  PHoMs  and  mask  programmable  HO.Ms  was  desigmxl  for 
the  production  configuration,  rii*'  memory  mcxlules  were  fabricat**!  and  test**!  to  *nsui-e 
that  cost,  performan*'*’  an*l  packaging  constraints  of  the  production  configurativm  could 
bi'  attaine*!. 


Tradeolfs  wi  re  mad*'  for  lh*‘  m*'mi>ry  to  di'li'rmine  Ih*’  Ijiasl  [xissible  mix  of 
im  inory  t\  |ies  considering  cost,  area  of  tlU'  standard  .MICHOX  board,  storage  r*'*)uire- 
ments,  and  |K)wei'.  Thi'Si'  trades  were  basixl  u|»n  ayailable  sbite-of-the-art 
military  com)xmenls.  Devices  under  camsideration  wi're  8K  KPKOM's,  IK  PMO.M's, 

SK  KO.M's,  KiK  Ho.M's,  and  both  static  and  dynamic  IK  HA.M's.  'I'he  final  configura- 
tion for  the  lingineering  I’rototypc  MH'Kfi.N  was  established  as  follows:  dOlKl  words 
of  volatili'  Head/Urite  m*‘mor>-,  lOOti  words  of  Programmable  Head-Only  Memory- 
(PHo.Mi,  and  8192  words  of  mask  programmable  Hea*l  Onlv  Memory  (HO.M),  as  shown 
in  f igure  al.  Provisions  to  I'xpand  the  memory  to  32K  ari'  inckuled  in  Ih*'  design. 

The  Head  Write  memory  is  implemi'iiti'd  with  Ki  SK.MI  1200  deyices.  Tlu'se  ar*' 
IK  .\'-chamu  l deyiei's  organi/.*'d  into  IK  x 1 mi-mory.  I'he  devices  fealui-*'  I'Tl. 
«-*)m|)alibility  ami  static  *)peralion,  eliminating  the  lu'ixl  for  complex  refn  sh  circuitry. 

The  Programmalile  Head-Only  memorv  is  implementixl  with  si.xt*'*n  .M.Ml  .I.I.'IO 
(b'vii-es.  These  are  bi|xdar  fusibi*'  link  di  vicivs  with  a IK  x I organization  and  have 
open  *()llecior  outputs. 


The  Hea*l-only  .Memory  is  mech;mi/.ed  with  eight  .M.Ml  0275  biixilar  2K  x 8 di'vici's 
ft'alur.'S  of  th.'se  devic.'S  include  an  access  time  of  120  ns  over  th*-  full  military  ti-mpera- 
lure  rang*',  open  collector  out|)uts,  and  low  curri'iit  inputs  which  minimiz*'  midress  line 


H*)th  HO.M  and  PHO.M  memories  have  thi'ir  \(’('  terminals  comucttxl  to  a volts 
through  ix.w.  r switch.'s,  so  that  th*'  di  vices  ar*'  in  slaiulbv  condition  wlu'ii  no  nu'morv 
eyeb's  are  ri'*|uest*xl , thus  minimizing  ih*'  |x)wer  r*(|Ui nnu'iits. 
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l iKRT*'  -’>1.  DIM  ScmicoiKluc'lor  .Mcniorv  ( )r}>;ini /alioii 

lUcausc  pcrlormaiu-c  (lata  on  llAM's  ovci'  lull  mililarv  Icmpcralu  re  raii^Y'  was 
not  available  at  the  time  of  the  memorv  design,  sample  ((Uanlities  of  the  MAM  devices 
wen  ordered  and  theii-  characteristics  were  measured  over  full  militarv  temperature 
ranne  (-').■)  ('  tn  12")  t').  Tlu  characteristics  tested  at  each  temperature  included  tlu' 
access  lime  ol  the  device,  its  ability  to  write  into  and  read  from  ei^^iil  address  locations: 
an  all  I's  |)att<  i-n.  alternate  I's  and  O's,  and  all  O's.  Also  tested  was  the  current  used 
b\  the  device  at  different  modes:  standby,  read,  write,  and  alternate  read  and  write. 
Testing  was  also  pt clormed  (o  determine  minimum  chij)  select  time  necessary  to  both 
n ad  and  write.  The  tests  indic.ated  that  ;ide((uate  design  margins  exist  in  the  memorv 
design. 

In  ordei-  to  provide  nonvobitile  storage  for  critical  data  and  constants,  a 102  1 
word  eleclricallv  all(  table  read  onlv  memorv  (KAMO.M),  implemented  with  MNOS 
It chnologv,  is  pi'ovided  in  two  hvbrid  packages  (Calibration  Constant  Storage  1 and  2) 
physicallv  located  on  SKI  No.  1 nuKlule  (see  Para  2.1..")).  This  memory  is  used  onlv 
in  |K)wer-up  and  |H)Wer-down  setjuences.  .At  |)ower-on,  the  contents  of  the  MNtLS 
memorv  is  mapped  into  a |X)rtion  ol  the  volatile  MA.M.  At  powei’-down,  the  process  is 
reversed,  and  a |K)ilion  (1021  words)  of  the  volatile  MAM  is  s.afely  preserved  in  the 
nonvobilile  liAMnM, 

2.  1,7.  l,:i  Processor  Input  Output  (PIO).  'I'he  Pl( ) module  contains  three  ma.joi- 
sections:  The  CPr~relaled  iTiput 'output,  the  DMAC  input  output  which  transfers  data 
between  the  Processor  Memory  and  SliC,  ;md  the  DPI  - Kxlei  nal  I ()  interface.  Tlu' 
DMAC  logic  controls  the  transfer  of  a fixed  amount  of  data  in  a fixed  seciuence  by  use 
of  direct  memorv  access.  This  se((Uence  is  initialed  l)v  tlu'  occurrence  of  the  fast  cycle 
interrupt,  Dui  ing  the  Phase  2A  cost  reduction  sludv.  it  was  determined  (hat  this  logic 
could  be  implemented  by  a single  MOS/KSI  device,  lowering  ll.e  cost  of  the  DPI  , At 


1)2 


thfoiitscl  nl  Ihc  1 ’h.isc  2 l<  cont  1:1(1 , it  w;is  lodud  lh:il  it  would  he  dcsi  lahlc  to  be  ;il)lc 
to  modd\  the  S({|Uiiicc  or  .imouiit  oT  dat:i  t laiii.sicrrcd  duriii!;  the  swstciu  iut  c”  rat  ion. 

With  the  DMAC  M(  )S  iinplcmciit.it  ion,  tlusc  chaiij^cs  arc  \ ci'n  dillicull  and  costh  to 
implement.  I'lieia  toi  l , in  order  to  i-educe  (lie  schedule  and  cost  risk  during  systems 
intei;ration,  the  DMAC  I'unction  was  mech:mi/ed  with  bi |k)1:i r dc\ ices. 

Subse(|Uent  to  th(  initi;il  Ionic  apixirtionment,  it  was  determined  th.it  some  ol  the 
M 1 1 -S  ri )- 1 r).");!  lei-min.d  interlace  Ionic  should  lie  mcch:mi/ed  on  the  PK)  modide.  The 
:iddition  ol  this  Ionic  presented  ;i  sinnilicant  desinn  ch.illenne  in  order  to  s(;i\’  within  the 
constr.'dnts  ol  the  board  si/.e  :ind  connector  pin  limitations.  The  cl'lort  was  sucecsshdK 
completed,  the  t'in.d  prodiuH  beinn  u nine  Ittver  multibiscr  bo;i  rd  with  comixments 
mounted  on  both  sides. 

2.  1.7.  1.  I J2i’L  Softw^ia^  A Set  ol'  sujiport  sol'lwtire  was  prepared  for  the  MIC'IKtX 
DPI  . A sviiibolic  assembler,  macro  preprocessor,  and  runction.il  test  pronr.'tms  are 
amonn  these  tools.  I sers  manuals,  includinn  a Proni'ammers  llel'erence  Manual,  an 
Assembler  Psers  M:inual,  .and  a M.icro  Processor  Psers  .Maiuud  were  completed.  The 
DPP  Software  is  described  in  the  lollowinn  paranraphs. 

Cieix  r.al  .Assembler  Pronr.am  (Ci.AP) 

The  (i.AP  M1CH()X  system  provides  b.asic  assembly  lannitanc  pronramminn 
capabilitv  tluit  incic.ises  efficiency  in  ciKiinn,  debunniuK.  and  documentinn  the  .MK'lloX 
pronrams.  The  pronram  is  written  in  PoHTllAX  I\'  ;ind  can  be  executed  on  a v.aricty 
of  neiieral  purpose  (host)  c-omputer  systems  which  support  the  usanc  uf  the  POIPI'IPAX  I\’ 
compiler  lannuanc.  The  iissmiiblcr  accepts  inputs  in  assembler  soui-ce  lannxia)>c'  and 
ti'anslates  them  into  machine  code  programs  and  listings.  The  assembler  and  macro 
preprocessor  tire  awailablc  through  both  Time  Sharing  ( tption  ( I SO)  and  batch 
prwessing  on  the  Coi-poratc  System  tlTO's  located  in  Downey,  (’.A. 

I'hc  (i.AP  MK’HOX  assembler  is  a symbolic  Iwo-pass  system  that  assembles 
the  object  processor  programs  in  cither  reloc;it;iblc  or  absolute  format.  .Ml  object 
machim  instructions  and  dal;i  foi-mats  arc  supixirted  as  well  as  assemble!-  directixes 
for  assembler  cont  rol,  stoi-age  allocation,  data  declar;ition,  output  listing  formatting, 
and  assembler  output  options.  Pi-ror  detection  :md  reporting  includes  sxnta.x  and 
nmchim  I'est I'ictions  for  common  erroi-,s.  Wai'nings  ai'c  generated  to  indicate  jxissible 
violations  of  (.'PI  hardware  I’cst  i’ictions.  lirroi-s  arc  flagged  on  the  generated  listing 
wh(  re  thev  occur  :ind  tire  also  summai'i/ed  in  tin  erroi-  table  printout.  Thi-  printed 
output  includes  :i  listing  of  all  symbols  used,  including  a complete  cross-referencing. 

The  assembli  r output  is  a punched  paper  (mv  lai')  tajic  (hat  is  compatible  with  the 
.AIICIK  )X  Test  Pijuipment. 

Punctional  Test  Program 

The  functional  test  program  is  designed  to  provide  an  extensive  checkout  of  thi- 
Mlt'l{()X  C PI  , PK),  and  Memory  Modules.  Included  in  the  program  ari-  si'gments 
which  mav  be  chti  r:icteri /cd  as  instrument  dcciKlcr  tests,  mcmoi'V  read  write  tests, 
shilt  and  cycle  tests,  logical  and  mask  operation  tests,  arithmetic  and  double  pre- 
cision .arithmetic  tests,  timer  tests,  and  1 '( ) tests.  ITich  of  the  segments  consists  of 
subtests  which  cxei-cise  the  vai-ious  |x)ssiblc  instruction  variations.  The  sti-ucture  of 
the  pi'ogram  is  mixlular,  i.c.  , the  subtests  or  subroutini's  arc  conti-ollcd  by  a ti-st  table 
which  m;iy  be  manipulated  b\  a lest  o|)crat(!r.  I'hus,  the  user  ciin  execute-  !ill  or  anv 


s.  lri-icd  i)<)rlit)ns  ol  Ihc  pri>iiram.  I lu-  T uiu'l I r(  s(  I'roj^ram  is  coiniii  i.scfl  ol 
lest  tapes  wliieli  lest  tile  \afioiis  eonil )inat ions  ol  Dl’l  modules; 

Sell  lest  Pi-o-ram  CPI,  P N 1 42  P.J-aO  1 - 1 No.  2401  2-000  1 

S.  II  l est  Pros; ram  l>M,  l>  N 1 I22r)-r)01 -1  No.  2 l 012-000r) 

Sell  l est  Program  Pin,  P N 1 allOO-r.Ol  - 1 No.  2 l'012-0000 

Module  le\el  tests  are  eondueti’d  on  l)if;it:tl  Automatic  I’est  l-.quipment  (1).\  1 I-.). 

( thject  prof;rams  toi'  the  DA  I'P  tester  were  prepai  i'd  lor  each  ol'  the  three  DPI  modules. 
I'hree  sup|)ort  si)ltware  prot;rams  were  used  to  generate  the  nuxlule  test  tapes. 
Documentation  ol  the  test  software  is,  therefore,  in  the  form  of  output  listint^s  ol  the 
thre.  programs.  I'he  thiac  pro;;rams  usefl  are  the  MICRON  Assembler,  the  SlMSd'RAN 
loeie  sinndalor,  and  a DA  I'P  compiler.  The  MICRON  Assembler  is  used  onl\  foi' 
Heneratiiif;  test  projirams  for  tlie  CIM  . 

2.  1 . 7.  2 I abricalion  and  I'est 

4 wo  sets  t)f  DPP  modules  (one  flight  set  and  one  spare  set)  were  fabric;il(  d, 
assembled  and  tested.  It  should  be  noted  tlial  the  memor\-  modules  wei’e  partiaih 
populate<l  since  the  final  code  for  R()M's  and  PRttM's  were  not  a\ailal)le.  1 he  partialU 
populated  memor\  includes  the  full  complement  of  R.A.M,  2K  of  ROM  with  a test  pattern, 
and  IK  of  PRoM  with  a self-test  pro^;ram. 

All  DPP  com|)onents  weri'  procured  from  outside  vendors  with  the  exception  ol 
the  M<  >S  loui<'  <le\  ices  and  mici-oprot;fam  R()M's,  which  were  fabricaitetl  in-house. 

I fst  spi ci  1 ic;it ions  were  established  lor  tlu  .M()S  devices  to  assure  proptf  operation 
in  the  MICRON  systtun  environment.  Table  la  shows  the  test  conditions  the  .MOS  devices 
are  subjected  to  at  both  waf(  r probe  and  packiit>;i‘d  devic-e  li'vcls.  It  should  be  noti^l 
that  at  di  \ ice  level  testiiif;,  the  voltages  were  varicul  over  twice  the  system  specification 
range  to  assui  e adequate  d<  sign  margins.  4’hc  v'quipment  used  for  tiicse  tests  was  a 
Rockw'  11  build  M(  )S  I..SI  tester.  The  tester  provides  clocks,  voltages  and  input  stimuli 
and  monitors  the  devici  outputs.  Test  patterns  for  each  individual  device  tvi)i'  were 
devi  lopi-d  trom  the  logic  ef|uations  using  the  SlM.'^d'RAN  simulator.  In  cases  where 

tist  results  indicatc'l  iKttential  ivroblems  oi-  marginal  o]ierations,  additional  test  plots 
Were  ni.ade  showing  the  curve  of  ( lock  vavltage  as  a lunction  ol  \'dd  that  detines  the 
bolder  between  operating  and  non-operating  /ones. 

.\  test  plan  for  DPP  subassemblv  level  integration  was  written.  The  test  plan 
specifies  functional  testing  at  module  and  subasscmltly  levcd  as  shown  in  figure  ;)2. 

Tlu  final  test  in  the  flow  consists  of  testing  at  both  high  and  low  temperature  extrenu-s, 
under  worst  case  voltage  conditions.  Ivach  of  the  two  sets  ol  DPI  modules  succcsslullv 
passed  these  DPI  leva  1 tests.  Ilowa  ver,  Several  problems  were  discovered  and 
can-reeled  during  these  tests. 

At  CPP  svstem  level  testing,  two  problems  with  M()S/1.S1  devices  were  found. 

.\  problem  with  the  AB-1  devices  produced  an  erroneous  output  on  one  pin  under 
certain  input  conditions,  causing  the  loss  of  eight  t’PP  instructions.  The  source  ol  the 
problem  was  Iractd  to  a metal  connection  which  shorted  out  a speed-up  ca})acilor.  A 
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C’OSI  cfrcclivc  solution  to  lliis  problom  was  imploiiicnlrd  In  roworkins  oxistins  wafcTS. 
Tin  im'tal  liiu’  lausiti^  tlio  short  was  etched  out  usinp;  a special  mask  prepared  for  this 
piii'pose. 

The  second  |)rol)lem  rec|Uired  la'CvcUn^ ol  a M(  )S  Hti.M  AOPla  devici'.  Ihis 
pt\)l)lem  was  caused  1j\  a microprt)jj,ram  coding  I’rror,  affecting;  the  double  pri'cisioii 
add  and  sublract  inst rui'lions  during  cycle  steal,  llecvclinn  ol  the  device  was  completed 
in  two  we(  ks.  Meanwhile,  double  precision  add  and  subtract  instructions  were  ri-i)laced 
bv  macros  in  the  assembler.  In  this  wav,  the  assembhu-  generated  double  precision 
macro  routito  s which  did  not  contain  the  instructions  affected  b the  micro  code  i rror. 

2.  1.  7, :{  DIM'  Temperalure  resting 

Tempei'ature  testinn  was  conducted  in  two  phases: 

1,  I’reliminarv  confidence  tests 

2.  Comprehensive  tempei’aturi'  testing: 

!».'> 
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rhr  |)iii  |H)Si’  ol  llu'  prcl i inin.i  i'\  tr.sis  \v:is  U)  check  oiil  the  lest  I'ixUifc  .it  tcinpci'atii I’c 
ext  l imes,  i(ientil\  :m\’  fxit cut i:il  (lesi;;n  prolilems,  and  vei-ifN  the  ade(|ii;ie\-  of  the  le.sl 
pi'oeedii i-es  and  einiipmeiU, 

!’reiiininai\  tests  were  eonduete<l  In  inserting  tlie  test  lixtiire  with  the  DIM 
modules  into  the  temperature  ehamlx'r  and  adjustint;  the  ti  niperature  ;is  follows: 

llii;h  Temperature;  To  ('  ;it  hottest  heat  rtiil  with  M(  )S  eomivments 

Low  Temperature:  -a  I ('  (add  soak 

These  limits  weia'  h.ised  on  M1('K()N  lil’M  specific, ition  refjui  remenls  atid  detailed 
therm.al  anahsis  of  the  s\stem. 

The  preliminain  hitjh  temperature  test  was  (aimpleted  sueeessfulh'.  It  was 
ol)S'  iM-d  that  the  therm.al  profile  of  the  fl’L  difftred  irom  the  profile  predicted  for 
the  module  when  mounted  in  the  lil’M  chassis.  'The  test  set-up  showed  approxim.ateK 
dC  Thermal  ^iradlent  .across  the  module,  ajiainst  l!»f'  worst  ease  temperature  rise  in 
the  chassis,  f or  comprehensive  tempc  ratuia'  tests,  the  test  fixture  was  mcKlified  hv 
addint;  Dvo  he:it  sinks  with  module  clamps  and  appropriate  covers  to  simulate  the 
actual  theian.d  conditions  that  exist  in  the  Kl’.M  chassis.  The  mcKlified  test  fixture 
is  shown  in  1 ieure  7)‘A.  The  heat  sink  is  maint.iined  at  .lO  C for  hiRh  temperature  tests 
and  at  -.">1  C for  low  temperature  tests.  'Temperature  tests  were  (amdueted  at  nominal 
.and  worst  ease  xoltattc  lainditions  as  shown  in  f igure  .')-4. 

Several  .M()S/LS1  (iroblem  areas  were  identified  and  corrected  while  the  DIM'  was  in 
temperature  test.  The  following  is  a description  of  the  problems  and  the  corrective 
actions  taken. 

During  preliminary  temiierature  testing,  it  was  noted  that  the  .Ml  devica  s were 
sinsilise  to  noise  at  high  |)ower  supply  voltage  and  low  tempeniture  (-7  C’  and  below) 
(onditions.  f urther  an.alysis  and  testing  indicated  that  the  problem  could  be  elimintited 
bv  adding  some  eapaeitanee  to  the  circuit  node  susceptible  to  noise.  This  re(|uirctt 
minoi-  redesign  of  the  All  device.  Test  results  with  new  devices  indicated  that  the 
problem  w.as  corrected  by  the  redesign.  However,  a new  problem  was  observc'd  with 
th(  redesigned  de\  ices,  which  tiffected  DBO  output  under  low  clock  voltage  and  low 
lemper.'iture  conditions.  .\n  analysis  of  wafer  processing  data  showed  that  the  affected 
parts  came  Irom  a low  threshold  (\’(;s'T  ~ l.D)  lot.  'To  overcome  the  problem,  high 
threshold  (\'(;s'T  f '')  devices  were  fabrietiled  that  yi<'lded  acceptable  parts  after 
low  temperatuiH'  screening. 


A design  iteration  ol  the  K.S  (Register  Storage*)  desiee  was  r('(|Uired  b(>e;tus(> 
of  its  marginal  oi)eralion  at  high  \ dj).  The  probh'in  was  ciiused  by  nois(>  within 
the  decoding  structure  to  the  interntil  re.ad/w  rile  nu'mory.  ('ross  clamping  tcch- 
ni(|U(‘s  in  the  decode  signals  were  incorporated  to  correct  the  probh'm.  In  rc'design- 
ing  the  dev  ice,  a shotl  to  \ j)j)  vvtis  inadvcHently  (ilaeed  on  the  circuit  rv  la-hiti'd  to 
one  of  the  outputs,  rcfjuiring  :i  second  itertilion  to  make*  tin*  device*  IDO  pe'feent 
operation.lI.  The  effort  was  eom|)le*ted  successfully  in  record  schedule*  and  the*  new 
R.S  devices  have  been  incorporated  on  CPU  modules. 
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X - TEST  CONDITIONS 

l M,  'r  1.-st  ConditiDns  lor  Vo/taj^c-  Kxtrcmc-s 

AnotJu-r  problem  related  to  MOS/LSI  devices  was  uncovered  while  testing  the 
DIM!  at  low  temperature  (-al  C).  It  was  identified  as  a potential  r;ice  c-ondition 
betui-i-n  lADM  dc-vice  float  B control  and  the  AB  device  outputs  fet'ding  the  lADM  B 
input  (X)rt.  The  pro!)lem  could  he  corrected  by  either  (1)  lADM  deviee  n-design, 
or  (2)  the  addition  of  bipolar  logic  gates  between  the  AB  and  I ADM  deviees.  The 
latti-r  approach  was  selected  due  to  eo.st  anrl  schedule  eonstraints.  T he  arlditional 
logie  was  first  breadl)oarded  and  tested  over  full  temperature  range  and  later  was 
permanently  ineorporated  into  all  CPU's. 

A failure  c-aused  by  a MOS  device  was  observed  in  low  temperature 
te.sting.  T he  failure  was  traced  to  one  of  the  microprogram  memory  devices,  ROM 
fils.  The  remaining  ROM  !)lMs  in  inventory  were  tested  off-line  and  most  devices 
were  found  to  be  marginal  at  low  temperature.  (Xher  ROM  rlevices  (ROM  hla  through 
1)17)  were  also  tested  at  low  temperature  to  determine  whether  the  failure  was  due  to 
the  design  or  processing  problems.  All  other  RO.Ms  were  performing  well  within 
specificatirms.  ruilher  analysis  confirmed  that  the  problem  was  process  oriented 
and  limited  to  ROM  Dlss  only.  A new  ROM  DIM  wafer  lot  was  falrricated  which  yielded 
an  ade(|uate  number  of  devices  with  -satisfaetory  performance  over  the  full  temperature 
range. 
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■J.  1.'  It  >l  Di  sii^n  l)i  \ rl(>p  I t si 

Ilu-  1 I’M  Input  ttulput  I nit  ilol  I tontains  tliosc  lunctions  |■(■(|ui fctl  lor  tlic  INI 
to  elect  ricallv  interlai'c  w itii  other  systems  within  the  overall  avionic  system.  The 
lot  consists  ol  two  moduh  s,  t he  C’onvefter  Module  and  the  Data  ICrminal  1 nit.  l aeh 
ol  these  modules  is  discussed  in  the  lollowine  |)ara(;fai)hs. 

2.  1 . '.  1 ('on\-ert<  i' 


The  ('onvertc-r  Module-  reeei\i-s  parallel  diijital  data  from  the  I’roee-ssor  Memory 
Moduli-.  This  digital  data  is  used  to  i-onvei’t  a UXt  11/  input  referenee  signal  into  five 
si  iu-hro  out|)uI  channels  and  two  DC  channels.  In  addition,  this  digital  data  is  used  to 
c-ontrol  four  disi-rete  outputs  for  rotation  control,  select  discrete  inputs  or  i-neoder 
inputs,  and  jiroxide  control  for  one  span  discrete  output.  This  module  also  rec-ei\es 
six  disi-rete  inputs  and  |)ro\ides  optical  isolation  for  four  of  the  six  discretes,  five 
output  discretes,  one  interrupt,  and  a 2h\  I*S  failure-  disi-n-tc-  are-  also  providi-el.  HI  FI-, 
fi-e-dhae-k  is  pro\  idi-il  from  se-\e-n  syne-hro  outputs,  two  DC  outputs  anil  thri-i-  of  tlu- 
dis(-re-ti-  inputs. 

This  moelule  has  spai-i-  avtiilahli-  and  wiring  provide-el  (no  active-  compone  nts, 
howi  vi-r)  for  fenir  adilitional  ele-pi-nde-nt  synchro  output  ehtinnels  anel  two  inilei)i-neli-nt 
synchro  output  ehanne-ls.  l*ro\  isions  for  a synchro  input  channe  l,  conditioning,  and 
output  have  also  bi  i-n  proviele-il.  Spai-i-  anil  wiring  have-  also  bi-c-n  provieli-il  for  optical 
isolation  bi-twi-e  n four  discre-ti-  inputs  ;inil  outputs. 

The-  Coiu  i-rter  Moelule-  h;is  |)rovisions  for  lilTf  and  Si-lf 'Fe-sts.  Se-lf  te-sts  tire- 
those-  te  sts  that  are-  pe-rforme-el  elurinji  the-  initialization  phase-  of  the-  ali(;ii  moeli-  while 
UFFF  is  a i-ontinuous  dynamic  test  perfornu-il  eluriii};'  all  moele-s.  'Flu-  analog;  outputs 
are-  summi-el  ;tnel  fi-d  leac-k  as  Itoll  I5FFI-  , I’iti-h  lU'FK,  Ileig  HI'Fl-  , DC  No.  1 fit,  anel 
DC  No.  2 fU  for  c-ompute-r  monitoring;  of  outputs.  'Flu-  iliscri-te-  outputs  PIlCi,  DISC, 
fit,  IIDCi  DISC  fit,  and  2(i  \'  DISC  fli  are-  fe-el  back  for  compute-r  monitoi-in^'. 

Fable-s  Di  anel  17  summarize-  the- :inalof;  e)utput  ri-eiui  re-mi-nts  for  i-ommunic;ition 
bi-twee-n  the-  digital  e-hanne-1  anel  the-  synchros  in  the-  aircraft  avionics.  'Flu-  initial 
mi-chanizat ion  of  the-  digital  synchro  circuit  ri-iiuiri-d  si-p;irati-  holilinn  re-j;isti-rs  ami 
off-the  — she  lf  dinital-to-syne-hro  c-onvi-rli-rs.  In  an  i-lfort  to  reduce  space,  required 
powi-i',  anel  cost,  an  alte  rnate-  sclu-nu-  was  consiele-ri-el  which  usi-il  sin  0 anil  cos  0 
eli(;ital  elata  frotei  the-  i-ompufi-r  to  di-i%-i-  multiplyin};  Di>;ital-to-Analof;  coiui-rte-rs 
(DAC’s).  I his  i-onfi(;uration  usi-d  se-pai-ati-  elisci-i-ti-  eii-vici-s  for  the-  ri-nisti-rs,  switclu-s, 
laeldi-i-  ni-twDrk,  anil  output  amplifie-rs. 

A third  e-onfinuration  was  also  e-valuati-il.  1 his  mi-c-hanism  incorporati-s  most 
ol  the-  se  parate-  compone  nts  ol  the-  pre-vious  sche-mi-  into  a sin^jli-  D.-\C'  ili-vice-.  Fhis 
schi-mi  re-()uiri-s  li-ss  spai-e-  anel  is  a li-ss  i-ompli-x  and  lo\ve-r  i-ost  eli-sip:n.  Fhre-e  DAC 
ih-vie-es  having  a si-lf-containi-d  input  holilin^;  re-^iste-r  w en-  i-valuati-el.  (1)  Flu- 
Hoekwe-11  D.\(',  P N baOOS,  is  a MOS  ele-vict-  de-vi-lopi-d  for  use-  as  an  ADC.  Si-ve-ral 
of  the  se-  de-vie-e-s  we-ri-  ti-sti-el  in  a bre-aelboaril  i-ircuit  and  passt-el  the-  minimum  accuracy 
ri-iiuire-me-nts,  Ilowi-vi-r,  this  di-vict-  re-eiuiri-s  an  e-xternal  lailele-r  ne-t\vork  and  aildi- 
tioml  circuitry  for  li-ve-1  shifting  anel  synchronizing  to  the  MOS  4-phase  cloek,  (2)  The 
l$e-(-kman  DAC,  P N has  an  inte-rn;il  laelile-r  network  anel  output  amplifier.  I he 

sample  te-ste-el  passe-d  the-  minin)um  accuracy  re-e|uii-enu-nts,  llowi-ve-r,  this  di-vici-  is 
only  available-  in  a larne-  (0.1)1)  x 1.1!)  in.)  elual-in-line-  package.  (H)  The  Analog 
De-vice-s  DAC,  P N .•\D7.^>22,  has  an  inti-rnal  ladele-r  but  requiri-s  an  output  amplifii-r 
( irt-uit.  I he-  sample-s  te-ste-el  passe-el  the-  minimum  accui'aey  ri-quii  e-nu-nts. 
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riu'  Analog  Dcx  icTS  DAC  was  si  lcc  lcil  as  best  ol  the  tlircc  DAC's  lof  use  in 
ibf  Digital  Syiu'hi'o  Com  i i'tcr  design.  This  ilci'isinn  was  based  upon  the  dovk'c  t'osi, 
space  re(|uifed,  ciiaaut  cannpleNily,  and  aeciii'acy. 

1-  imiri’  is  a l)lock  diagram  ol  the  Digital  Synchro  Con\'ci-t( f.  Computer  data 
are  strobed  into  tlie  DAC  holding  rej^isters  (Synchro  DAC)  Irom  the  (tarallcl  lines, 
rile  decoded  address  lines  (l{elerenee  (lenerator)  then  eiialile  the  eorrespondiii);  D.\C 
to  I'oma  rt  this  digital  data  to  amiloj;  signals.  Tlu  analoj^  sif;nals  are  then  amplilied 
(llulb  r Amplilier)  Ix  iore  ^toinji  to  the  Synchros.  The  critical  si^^nals  are  monitored 
(Synchro  Uite)  and  cor respondiiif;  test  signals  ai-e  sent  to  the  eom|)iiter. 

t he  most  stringent  re(|uirement  is  lor  the  Uoll  and  Pitch  synchro  signals  where 
'to  D.\C  liits  are  needed,  three  DAC  candidates  lor  the  Difi;ital  .Synelii'o  circuit 
were  lali  tested  at  three  temperature  en\  i ronmeiits.  I'he  D.\C  accairacy  is  eakailated 
Irom  a computer  iironcam  usiiif;  tlie  lal)  tc'St  data.  .Accuracy  test  results  are  shown  in 
I al)le  I''  ( t he  Iteckmanand  Moc'kwell  D.AC's  were  tested  usin^  Di-ldts  tieloie  the 
minimum  numliei- ol  liits  re(|uirement,  lo-bits,  was  known). 

lables  lit  through  li.'f  );i\'e  a summary  ol  the  analog  input  jirovis ions,  discrete 
input  pro\  isions,  disc-rete  output  provisions,  disc-retc  inputs  and  discrete  outputs 
which  are  also  mechani/ed  on  this  module. 

I he  Converter  Module  has  components  and  hybrids  mounted  on  both  sides  ol  a 
li-layer  printed  cirtatit  board.  I'or  this  reason  the  llatpack  packa”c  was  used  lor  the 
hybrids  r.atlu  r than  the  plu<;-in  type  ol  package.  Heatsinks  are  bonded  to  the  .MI.H 
lik(  the  SI  C desiy;n  (see  Para  2.  1..")).  The  hybrid  tyiics  rc(|uirc(l  for  the  Converter 
M odule  a la  as  follow  s: 


.Nomenclature 
Synchro  Hite 
Synchro  Hulfcr  .Amplifier 
Synchro  Helerence  Ccncrator 
Synchro  D.AC 
D.AC  Amplifier 


t^uantity  l{e(|uired  P N' 

1 I2.a0.a-.')07-l 

12.')l()-.a(»7-l 

1 12r)l.')-.A()7-l 

2 12.a-I.a-r)07-l 

1 12.a(i()-.a()7-l 


•A  detailed  descriiition  of  the  hybrid  thick  and  thin  film  technolotiics  is  f;iven  in 
.\|)pendi\  .A.  .Apiiendix  .A  also  j^ives  an  itemized  listinj;  of  the  activity  involved  in  the 
fabrication,  assembly,  and  testin);  of  the  hybrids. 


Worst  case  analyses  were  comiileted  on  all  of  the  Converter  .Module  hybrids. 

•A  thermal  analysis  of  all  of  the  semiconductors  was  also  completed  and  this  is  given 
in  .Appendix  H.  The  analyses  results  indicate  that  all  the  rc(|uircmcnls  in  tlu* 
reliability  design  guidelines  arc  being  met. 

The  functional  and  screen  tests  perfoi-med  on  the  hybrids  are  listed  in 
Appendix  C of  this  report.  !•  ach  hybrid  has  met  or  exceeded  test  specification 
re(iuiremcnts.  Apjiendix  D provides  additional  information  relative  to  precision  thin 
film  resistor  requirements  .and  performtince  tests.  1 he  tlata  shown  in  .Apiiendix  D 
indicaite  the  resistors  are  exhildting  excellent  stability  and  are  meeting  stability 
refiuirements  also. 


tuf  l.'i-hits,  slaii(l;ii'(l  (li'vialioii  sliuuhi  be  less  than  1.22  mv  ami  lor 
lU-ljits.  slamlanl  (kviation  slioiilil  be  less  than  IK.. all  in\'. 
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'i  wo  r(>n\i'rt('i’  Modules  fiiuduftinR  one  sparel  wa  ro  as-semhler'  anr!  tester!.  A 
pholoerapl-,  ()l  the  Convei  tef  Module  is  shown  in  I'ieure  I'he  module  is  not  com- 

plr  tr  Iv  tilled  out  because  the  prox  isional  elect  I'rrnies  discussed  alrove  ;ifc  not  rcr)Uirctl 
lor  thr  I I’M  system.  (Only  those  lunctions  listed  in  Ttilrle  lb  need  to  be  perlormed.  ) 
Appendix  1 provides  inlormation  relative  to  the  tasks  involvetl  in  the  labricait ion, 
assembly,  and  lest  ol  the  modules,  t he  lunetional  and  screen  tests  perlornusl  on  the 
modules  are  lister!  in  A|)pr  ntli\  (’.  I - .acdi  rrl  thesr’  mrrrlulr'S  has  met  or  r'xcr'crletl  rietail 
riesii>n  spec-ilieatit)n  r“t|uirements. 


I■'i^^ure  bti.  C'rrnvi  rter  Mrxhlle 


PAGE  NO. 


li.  I . I ffniin.'il  I nit 


The  D.it.i  Tcriiiin.il  I nit  < I )’l  I » fiinclion  is  In  pms  idc  ;i  |>ni  l thi’oiifih  w hich 
c:in  l)c  1 rnnsfi'n'cd  l)il:itcr;dl v lictwccn  the  I'lijiht  Control  Compiitci'  iind  MI('|{(»N.  oi- 
I'ctwi'cn  MK'HitN  ;ind  ;in\  otlicr  statioTi  wliicdi  h;is  ;i  port  on  :i  Mil.  S'I'I)  l.nfillA  t\pc 
d:it:i  l>iis. 

The  I I'l  r c\()l\cnii  n1  c:in  he  broken  <lo\\n  into  three  fnnetionnl  ;ieti\it  ies.  The 
fir-t  :ieti\it\'  inxohcil  h definition  nnil  development  of  the*  trrmsmittc'r/reeeiver 
I r Ki  eireiiitrv  and  ;issoeiated  eneodin,^  (I'l.!  and  deeodint;  (1)1.)  lokii'.  <-i  l)readhoard 
development  and  test,  ineindin};  integiation  with  an  operational  data  bus  svstem.  .and 
(.'Ji  In bridi/.il ion  of  these  devices  to  reiltiee  tlie  re.al  estate  re(|ui rements  and  to 
a.s>,in-e  a relaiividv  constant  t leetrieal  env  ironment.  The  second  activity  involvei* 
definition,  devadopment  and  breadboard  test  of  the  Subsystem  Interface  I nit  (.S.SIf). 
and  tntet;ration  with  the  I'  K.  f.  1.  and  1)1,  circuitry.  The  third  aetivily  involved  desit;n 
and  devidopmenl  ot  the  multi-layered  DTC  module. 

riie  org.ani/.ation  of  the  I)']  1 is  illustrated  in  f igure  57.  The  illustration 
shows  a long  stui)  configuration.  The  T/K  accepts  or  outputs  1 Mil/,  bi-phase  Man- 
ehestt'r  on  the  bus  end  an<l  accepts  or  outputs  NK/  data  on  tlu'  other.  The  Ml. 
assimil.aies  the  camim.and  or  data  word  ami  outputs  it  along  with  the  .ipfiropriatc 
timing  signals  to  the  T K dining  the  transmit  mode.  Since  only  one  channel  is  active 
at  .1  time,  one  set  of  i;i.  logic  is  shai'eil  betwoen  thi-  two  cliannels.  ivach  channel 
has  its  own  dedicatial  1)1.  logii'  set  to  decode  incoming  data.  .Mthough  only  one  chan- 
nel is  active  at  a given  time,  the  other  channel  must  monitor  its  bus  and  cause  the 
1)11  to  I'cspond  to  anv  valid  commands  it  detects,  aborting  whatiwei’  activity  w.as 
eurrentlv  in  pi’ogrcss  on  the  'active'  channel. 

The  SSir  contains  the  redundanev  management  logic,  status  register,  direct 
nieinorv  access  (D.M.Ai  initiation  logic,  indirect  CIM'  address  logic  ,ind  the  control 
and  tindng  logii‘  I'eciuii’ed  to  maki-  the  overall  svstem  coherent. 

1 aeh  functional  block  defined  in  the  1)11  oi'gani/ation  fliagr.im  (Figui'e  .57)  is 
■ in  enlitv  and  is  dismissed  in  the  lollovving  pa ragi'a|)hs. 

2.  1.‘'.2.  1 Transformer.  The  transformer  prov  iik“s  thi“  means  to  eoui'le  thi' 

DTI  to  the  data  bus.  The  bi-phase  Manchester  output  amplitude  was  designed  to 
be  ( peak-to-pi‘ak.  nonnal)  with  a worst  case  of  7..'{\'  tpeak-to-peaki  into  a 

propcolv  terminated  d.at.a  bus.  The  input  imped, ance  presenti'd  to  the  bus  was  designed 
to  lie  2K'..’(min)  ove  r the  freijuency  range  ot  lt)l)  kll/  to  1 .1)  .Mil/,.  Figuri'  5s  is  a 
plot  ol  tlu-si’  pai'ameters  as  measured  on  thi‘  assembled,  tunetional  D'TT  module. 

2.  1..S.2.2  Transmitter/Keceiver , 'The  T K functional  organization  is  shown 
in  figure  5!).  The  receiver  chtinnel  consists  of  a six  pole  Bessel  active  filli-r 
w Ji^ic’h  crrtiples  into  a dual  eompar.ator.  thi*  outputs  of  which  ai'i'  compatililc  with 
T“l.  logic.  ’The  outiiut  of  the  receivi'r  is  logical  manchesti'r  (ic..  ()  to  5 \'IK’)  data. 
'The  receiver  is  designed  not  to  saturate  duiing  continuous  opei'ation  (i.i'..  no 
restriction  <;n  ituU  cvekp.  ’The  coni|jarator  thresholds  .are  sid  at  out. 

Theri'  is  a di  a<lband  of  0 t 0.  IV  and  the  output  is  indeter mintitc  at  k).  1 to  -O.ti  and 
-0.)  to  -O.i;  \'. 


lOH 


n: 

C 

bf. 


10!) 


BUSS  2 


r 


I 


I'i^irc  DTC  Input  Z vs  Froquency 

I'lic  1 1 -insm illcr  was  designed  to  run  in  a non-saturatcd  tnodo  to  allow  control  of 
the  ouljnil  rise  lime  which  is  set  at  150  ns  (nominal).  'I'he  transmitter  can  he  operated 
continuously  and  out|)uts  :d)out  two  waitts  at  a minimum  voltaic  of  2 I \'  p-p  at  the  trans- 
loi  iner.  The  I U is  not  sensitive  to  jiowei’  se(|Uence. 

I he  'I  H hybrid  consists  ol  two  substrates:  (1)  A thic'k  lilm  sul)str:ite  whicli 
carries  die  hi^h  power  devices  (output  1 ransistoi-s)  and  devic-es  which  are  re(|uired  to 
track  in  temperature,  and  (2)  a thin  lilm  sulistrate  which  contains  the  tilter,  receiver 
and  transmitter  control  «la^;es.  .A  Iheiinal  antilysis  of  the  device  predicted  a worst 
case  junction  temperature  rise  ol  |s'’('  on  the  transmitter  ouliiut  staf^es.  Measure- 
ments made  while  the  devic'e  was  operating;  in  ;in  ambient  environment  of  25'’('  showed 
a 25‘*('  rise  to  50''C . 

2.  l.s.2.:!  1- neodinj^  1 .o^ie  F).  I he  f ncodinj;  l.o”;ic  pei'forms  the  function  of 
providing  lo^;ic:il  Manchester  data  to  the  T/lt  for  output.  .\  functional  block  dia^fiim 
ol  the  I-  1.  is  shown  in  Fi(;ure  (it).  A "ready"  signal  from  the  SSIF  activates  the  Ionic. 
When  synch roni/.ed,  the  1-  I,  responds  witli  an  acknowledne  to  the'  SSIF,  It  then  assimi- 
lates the  oulinil  word  into  the  correct  fornuit  by  multiplcxinn  first  the  comimind  or 
data  sync  (H-bits-invalid  Manchester),  then  1 (i-bits  of  data  derived  from  the  C'onqniter 
throunh  the  SSIF,  and  finally  the  parity  bit  which  it  creates.  At  the  start  of  the  trans- 
mit se(|uenee,  the  transmitter  is  activated  by  settinn  tlie  'Transmit  I nable'  discrete 
hint).  The  "I  r.insmit  Clock'  is  used  to  shift  data  out  of  tlu-  SSIF.  Meclnnization  of 
the  !■  I.  was  done  with  low  power  Schottky  devices  in  ordei-  to  minimize  powa-r  and  heat. 
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■ i^ri’  ;)9.  rransniittiT  HiCfiviT  Functional  Flock  Diafifain 


ENCODING  LOGIC  (HYBRID) 


READY 
RESET 
8 MHz 


SYNC 

DATA  (NRz) 
PARITY  TYPE 


TIMING  AND 
CONTROL 

p 

w 

— w 

ACKNOWLEDGE 


-►  TRANSMIT  ENABLE 


-►  TRANSMIT  CLOCK 


MUX  AND 
SYNC  LOGIC 


-►  MANCHESTER  DATA 


HYBRID  DESCRIPTION 

1.  0.8  X 1 IN.  THICK  FILM  SUBSTRATE  (2  LAYERS) 

18  1C.  1 RES,  1 CAP 

2.  0.945  X 1.130  IN.  CASE.  44  BUTTERFLY  LEADS,  50  MIL  CENTERS 


I'ij^urc  <in.  l-'nc'odip.ji  I.o^ic  I'lmi-t ional  Ulocl-;  Diagram 

2.  1.  ".  2.  1 Decoding  I.(^ic-  (.DIJ.  I lie  piirpo.'^c  of  tlu‘  1)1.  is  to  syiu'lii'oni/.c  the 
incoming  Manc-hcstci'  data  witli  tiu-  Dll'  (.’lock,  and  to  initiate  a rcci  ivr  cycle  u()on 
iletection  ot  10  vali<i  data  samples.  The  sam|)le  rate  on  incoming  data  is  .Mil/.  The 
1) I . cont iniioiisly  monitors  incomin;;  data  Ibi' non-valid  Manchester  (transmission 
error),  correct  hil  count  and  parity.  Tlu'  1)1.  output  is  NHZ  tlata  and  the  associated 
one  Mil/  Clock.  .A  functional  block  diagram  of  thi'  l)L  is  shown  in  Fif^ure  (!l,  Mechan- 
i/ation  ol  the  1)1.  was  done  primai’ily  with  low  powei’  Schottky  devices.  Uluo'e  timing; 
w.is  ci'itieal,  e.  n- , in  the  Manchestei’  sam|)lin);,  Schottky  devitws  were  used. 

2.  I.  ‘'.2..')  Subsystem  Inteilace  Cnit  j[SSH'].  I he  pritnary  pui’pose  of  tlu'  SSll 
is  to  initiate  and  control  data  transfers  betwiam  the  .MICRON'  DIM'  and  the  data  bus  or 
to  I'espond  to  a valiti  eomtti.ind  detected  on  Ihe  dat.a  bus.  .As  such,  it  must  assimilate 
and  transfer  dat.a  in  the  format  and  timing;  k'vied  by  Mil.  SI  D l.a.a.l.A  and  by  tlu' 

MICRttN  Computer  I ()  Circaiilry.  The  SSIC  can  be  divided  into  the  foliowinp; 
functional  blocks; 

1.  D.ita  I ransler  Control  tSSII  DIM  , !■  l./DI.^Ii^SSU  ) 

2.  Status  .Monitoring 

Message  l-'oiaiiatting  and  timing  as  a function  of  wluMher  or  not  MICRON 
is  the  controller,  and  whether  data  are  being  inputted  or  outputli'd. 

1.  Redundancy  .Manageiiumt. 
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DECODING  LOGIC  (HYBRID) 


8 MHz 


MANCHESTER 


START  OF  DATA 
(PULSE) 

SYNC  TYPE 

NRz  DATA 

NRz  CLOCK 

ERROR  DETECT 

• PARITY 

• TRANSMISSION 

• BITCCXJNT 


HYBRID  DESCRIPTION 

1.  0.8  IN.  X 1 IN.  THICK  FILM  SUBSTRATE  (2  LAYERS) 

21  1C,  5 RESISTORS,  1 CAPACITOR 

2.  0.745  X 1.130  IN.  CASE,  44  BUTTERFLY  LEADS,  50  MIL  CENTERS 


I'if.’ui'c  111.  Dcc’ixliiij;  I'linc'lioiial  DlocU  l)ia>;i’am 

ITu'  i>iil\-  pi'ohlcm  area  laicoiintcnal  wa.s  (Uu‘  to  laok  of  definition  of  tiTininal 
addfe.s.s  aiul  ."(iliaddre.s.s  .a .s.siiioment.s  and  eoml)ination.s  which  iiiii.st  )»(•  .supplied  l)\'  the 
user  (systeni  or  aircraft),  I'he  prol)leiii  was  worked  around  liv  ttoinj;  to  a two-tiei- 
l>lt()M  svsteni  for  address  decoding;  and  indirect  DIM'  address  selection.  This  syteni 
will  acc<)inn)odate  any  coiuhination  of  Address  Suhaddi’ess  assignments  sini|)ly  by  the 
repro^i'amminji  and  replacement  of  two  flat  pack  IMtliMs, 

•> 

The  SSir  w.as  mechanized  with  I “1.  lo<iic'.  Low  Dower  .Scholtky  was  used  when- 
(wer  practical  to  minimize  powci'  consumirtion.  .X  summary  of  the  SSll  is  in'esented 
in  I'i^ure  ili;. 

2.  l.''.2.i'i  Dl  l'  .Xsjoauirly.  The  D'l'L  eireuitry  is  packaged  on  a lo-laver  MI.U. 
Dhoto^raphs  of  the  front  and  back  sidi  s of  the  module  a I'l'  show  n in  I'imiri'S  ii;i  and  •!  1. 
'Iwo  DTI  modules,  includinj:,  one  spare,  wio'e  assembled  and  tested. 

.\ppt  tidix  A provides  infoianation  relati\)'  to  the  fabiaeat ion,  assembly,  and 
t(  stinn  ol  the  hybrids.  .Appendix  I-  pro\  ides  inloianation  relati\’e  to  the  tasks 
iinoh'ecl  in  lalirication,  assembly,  and  test  of  the  modules.  The  functional  tests 
perloiatied  on  Ihi'  hybrids  and  modules  are  listed  in  .Appendix 

.\  thermal  .analysis  was  perfoitned  on  the  Dl  l which  resulted  in  the  ado|)tion 
of  .'lU  mil  heat  sinks.  Measurements  in  the  lab  indicated  a tcmpcr:iture  rise  of 

the  I l{  casi‘  without  cireulatinn  coolint;  air  and  without  pr()\  idinn' a sink  for  t hi' 
heat  r.'iils.  This  was  done  as  p.a  rt  of  an  einpirii'al  thermal  evaluation  outside  of  the 
.MICltON  system. 


SUBSYSTEM  INTERFACE  UNIT 


FROM 

ENCODER 

AND 

DECODER 


FROM 
CPU  AND 
CPU  1^ 


5 ► 


TO 

ENCODER 

AND 

DECODER 


TO 
CPU 
AND 
CPU  I/O 


HARDWARE  DESCRIPTION 


1 14  1C  (MSI,  SSI)  FLAT  PACKS 

26  RESISTORS  (21  PULL  UPS,  4 TRIM,  1 PULSE  SHAPING) 
45  CAPACITORS  (44  DECOUPLING,  1 PULSE  SHAPING) 


I'ifiiii’c  SSH  I'unctional  DlocU  l)i:if;raiii 


rile  two  Data  'ICrminal  modules  were  both  I'lmetionally  tested  w itli  special 
eiiKineeritie  test  ('(luipmeiit  to  ensure  com|)liance  w ith  M II. -S  ID- 1 ”.A  re(iui  reTiients. 

.\s  a i-etiiole  terminal,  the  module  was  lesleii  lor  its  ability  to  acc'e|)l  and 
|)roperlv  e\e(aite  command  words  on  eithei’  channel,  .Also  checked  was  its  ability  to 
rejt'c!  command  words  with  lei'minal  addresses  other  than  its  own,  .\s  a Itus  C’ontrolle 
thi-  module  was  t(  sted  to  verily  its  ability  to  ti'ansmit  command  woials  and  pi-operly 
tiansmit  and  recei\e  data  words,  .Also  verdied  was  the  DTT  ’s  ability  to  initiate  a 
'I  ei'minal  to  I ei  iidnal  tratisler.  This  is  a messaf;e  in  which  the  Data  lA'rminal  w ill 
transmit  two  command  words,  and  then  xeril'y  receipt  ol  two  status  words.  In  all 
modes  ol  opeiation  th(  Data  Terminal  moilule  |)erTormed  to  the  specilications  of 
MII.-S'I  D-l.A.A.'t.A, 


Fif^rc  ().'?.  I>ata  Terminal  I’nit  (Front  Side) 


Figure  (>4.  [>ata  Terminal  Unit  (Back  Side) 
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r iiii’'  rrmn  ifrjiii 


toaoKOm 


L’.l.lt  l*SI  lH’sii;n  Develop  Test 


During;;  the  (Icsi^ii  piKisc,  m.iiiy  'linct'cnl  supply  coiiliKiii’.itioMs  ucrc 

(■\:ilii;itfil.  riMdcotls  were  conducted  wliich  includc-d  cost,  si/c,  \K(d<;ht,  rcl  iuhil  ity  ;ind 
(dticiciu'v  considc I'al ions,  l inurcs  li.'),  (id,  and  (>7  show  some  ol  the  conlimirations 
evaluated.  I'he  coni i ^u ra t ion  ol  i'iyure  da  is  the  ineehani /ation  that  was  chosen  for  the 
I I’M  system. 

The  1 I’M  Power  Supply  I nit  (I’Sl  ) is  desinned  to  openite  from  d*,  100  II/., 
lla  volt  aireralt  |)owor,  as  speeilied  in  MI  l,-Sri)-70  !.\,  ('(juipmenl  eate”orv  15,  or 
L’s\'  hatteiw  ivowor.  .Aircraft  2s  \ |K'  is  also  utili/ed  for  hatterv  ehjiri^inw.  The  M, 

100  11/  pewer  input  to  the  power  supply  is  dlO  watts  nominal  and  ddd  watts  peak.  The 
I’SI'  also  contains  hattc'ry  charm'  and  lest  capability  with  automatic  battery  power 
l)ackup  in  the  event  ol  a power  failure.  .All  power  supply  outputs  are  protected  against 
a c'ontinuous  short  circuit  on  any  re(|uired  output.  TabU'  2 1 ^iva-s  a summ;iry  of  ;ill 
the  |M)wer  outputs,  ( The  nominal  jvower  listed  in  Tidvle  2 1 is  slif-htlv  higher  th;in  the 
actual  nieasured  power  on  the  system  which  was  dlO  watts.  This  is  due  to  the  fact  that 
Table  2 1 w;is  derived  from  caleubitions.  | 

,\  worst  c.ase  analysis  w;(s  performed  on  all  of  the-  PSP  circuits.  Tlie  analysis 
reve.ileil  that  a total  of  10  components  were  overstressc'd.  The  desif;n  was  modified 
to  correct  this  condition.  .\  subse(|uent  analysis  with  the  tu'W  components  indicated 
that  all  of  the  components  are  now  within  derating  re((ui  renu'nts, 

.A  thermal  analysis  was  also  pi'i’Toi  ined  on  the  components  within  the  PS(  . This 
analysis  reveal  al  that  the  temperature  of  all  com|)onents  was  low  enouf'h  to  project 
an  M THP  of  22s7  1 hr  which  is  in  excess  of  the  allocation  for  the  PSP. 

The  P."5P  is  paekam'd  on  four  printed  circuit  boards;  namely,  board  .Asst'inbly 
No.  1,  Board  .Assembly  No,  2,  Board  .Assembly  No.  d,  and  the  111^1)  \’olUim'  Switch. 

All  discrete  components  ino  hybrids)  are  used  in  the  PSP. 

Two  sets  (d  P.SP  modules,  ineludinu  (>ne  spare  set,  wu're  fabricated,  assembled, 
and  tested,  .A  photo;;i’,(ph  of  tlx'sc  niodules  is  shown  in  I'imn’o  ds. 

The  functional  tests  performed  on  these  modules  are  listed  in  .\ppendix  ('.  The 
P.'sP  met  Ol’  exceeded  the  detail  desinn  specification  re(|Ui remenls. 
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Figure  <)').  IXinctionai  l)inp;nuii  of  Powor  Supply  t'onfi^yu’ation  Solocita!  lor  F. I’M 
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Figure  <i(;.  Functional  Diaitrani  of  I’owci' Supplv  t'onfi^Tiration  I!\  aluaU'il  for  1-  I’M 
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• ADDITIONAL  DC/AC  CONVERTER  REQUIRED  TO  CARRY  FULL 
POWER  FOR  A LIMITED  PERIOD 
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FiKure  68.  EPM  I>ower  Supply  Unit 
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2.  1.  t(1  1 nbi'i  fill  Ion  t)|  Ml  S(l.s  for  Second  Source 


rlu  pui|>ose.s  of  this  tusk  were  to  (I)  fuliricate  foui-  Mf  SOs  (without  rotors  or 
i:i\itiesi  to  suppoil  the  second  son  I’ce  and  non-dest  met  ihle  n\  ro  eliorts,  (2)  fabricate 
eiglit  c:)\it\  si  ts  with  the  followiiiit  ch.ar.acti  ri.stics;  (ti'oniKl  to  final  si/e,  unplatcfi, 
suitalili  for  platini;,  la|)()int;,  and  linishinp  b\  CSDI  (smtdl  cracks  were  tillow.able  so 
lout;  as  the\  would  not  intcriere  with  CSDI.'s  lappinj;  and  platinn  pr(K-edures),  and  (.‘i) 
labricati  12  rotors  anti  six  c;i\itv  sets.  The  last  set  of  12  were  finished,  iiiertitd 
erade  and  had  the  proper  radial  mass  unbaltmcc.  The  six  casih  sets  were  inertial 
prade  ino  crackst,  prountl  to  final  si/e,  unpl.ated,  suit.able  for  platin;;,  l.appinp;,  and 
finishiii!;  b\  ( SIM  . 

All  of  the  abo\e  activ  itv  was  completed  on  sche  lidc.  Aetivity  related  to  the  use 
ol  the  lour  Ml  Sd's  in  the  testinn  of  second  source  assets  and  non-dest ruet idle  rotors 
and  cat  itie>  is  discussed  under  Task  2.2,  1 )evelo|)mental  Test,  Section;). 2.  Additional 
second-source  and  non-dest  met  ihle  ”vro  actitities  are  discussed  iti  Section  li.  2, 
ri'ask  a.  2,  Associate  Contractors  Sup|)orti. 

2.2  l ASK  1.2,  IM;  I!  ri  A 1 \A\  ICA  ri(  IN  I ! A | ■|■i , l!\  I M l'  (|M!I  ) 

The  purposes  of  this  tusk  w<  re  to  deselop  a detail  d>  siy;n  s)x  cification  for  the 
INI  mount  and  to  fabricati  procure  the  mount  and  s|)ares. 

2.  2.  1 Det.’iil  Design  Specification  for  Mount 

rhe  detail  design  specification  for  tiu  IN  111  mount  ( A.Hiini!i2i  was  com|)leted  and 
issued  I sxovcmher  lilTa.  This  specification  esttilil  ished  tin  lunclional,  [u  rlormance, 
de  si  ;;n  con  fiy,!!  ration,  tind  de\  elopment  requireminls  torthelNld  Mount. 

2.  2.  2 I all  I’rocure  Mount 

The  Ini  rtial  Natipation  Hattcn  I nit  (INIil  i design  was  an  itolution  basi  d on 
iterative  inputs  from  the  Standtird  Ntiv  intitor's  Appendix  \ . I abi  ication  ol  the  IN  111 
begtin  in  April  1!)7(i  anel  was  completed  in  Mav  . Asse  inbK  ol  the  IN  111  bej;an  in  Ma\ 

:ind  was  completed  in  lune  l‘.)7fi. 

The  battcrv  unit  is  supplied  with  tin  INIU  . I'hi  batlerv  is  a 22-cell  ih  sinii 
of  1.  X amp  hours  for  lab  testing.  I’hc  batterv  unit  was  completed  in  Mav  l!)7d. 

The  INIir,  idonp  with  the  batterv  unit,  w:is  deliveretl  to  the  intenfation  lab  in 
lune  l;)7(l.  This  activitv  compl eted  Task  1.2. 

2.  :j  i'ask  1.:!,  ( ( in  riioi.  na\ ic.A  tion  I'ANf:!.  (CNP) 

rhe  purposes  ol  this  tiisk  were  to  des in'll /nuxli  ly  the  Na7A  (1)1  to  interbici'  with 
tlw  IM’M  and  fabricate  procure  spit  res  ;is  neecssan. 

The  ('.N  l‘  is  composed  of  a N')7A  (1)1  and  a CDI'/Mcmorv  Adaptin'  (I'igiire  (IDi. 

The  CDI  initiiitcs  power  on  off  :ind  provides  datii  displav  , datii  insertion  and  niiHle 
switchinn  for  the  INI  . The  ('|)r/Memorv  Adtipter  provides  the  interftice  from  the 
MICRON  eoni|)uter  to  the  (M)l',  It  also  prov  ides  for  interfacinn  data  to  ^from  the  Test 
.Station  e.alibration  computer  (II  l>2l()()S)  .and  to  a strip  printer.  A lliK  word  core 
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iiK  inon  is  (•<)iU;i ini d within  tlic  Adiiptcr  whicli  st-rved  ns  the  Id’.M's  mnin  dk mors 
<lnrin(;  soltwnm'  d(\ clopim  iit  lor  tin  l!()Ms  o?'.  tlic  semiconductor  niemor\  p:i  id  ol 
the  DPI  . 


No  modilications  to  the  NoTA  CDI  were  required  tor  it  to  meet  its  function.  All 
interincinu  nnd  luifterin^;  wns  nccomplished  within  the  Adopter,  |■i|;■ure  (I!)  is  n block 
dinitrnm  ot  the  Adnpti  r.  The  unit  is  com|)osed  of  the  lollowitif;'  items: 

1.  < 'lie  I '(  ) Mixlule 

2.  ( me  C'.\p/i;PM  SupiHirt  Mivlule 

.f.  I >ne  SK  MS-IH  ’ eo re  momorv 

1.  I 'lie  Pow  er  Supph’ 

■ ).  IloLisini; 

The  I (I  moduh  wns  di  si^;ned  de\eloped  on  the  N77  IN’S  protirtim.  [t  is  n fi\e 
ln\('r  printed  cii-cuit  bonrd  (PCHi  eontnininn  \nrious  t>  pcs  of  inteiirnted  ci  rcuits. 
line  I <)  module  wns  fnbricnted,  nssi  iiibled,  nnd  testcfl. 

The  CN  P I!  I’M  Support  Module  is  multi-purposi',  but  its  mnin  function  is  to 
bulfertlu'  Mi  nion  output  lines  from  the  core  meiiion  , buffer  the  stntus 
fliscretes  from  the  ndnpter  to  the  /■,  P.M,  nnci  syncdironi/e  the  power  on  off  of  the 
Adopter  with  the  I!  PM.  It  is  n three  Inyer  IH  I5.  Two  CNP  'KPM  Support 
Modules  (one  spore)  were  fnbricnti’d,  nssimibled,  nnd  tested. 

The  S1;ms-!)P  is  n Dibit  x lii.llMl  (lliK)  word  core  nienior\  purchnsed  from 
I lectronic  Meniorii  s.  It  hns  n one  microsecond  c\ cl e t inu',  nnd  nllows  operntiiifi 
the  PPM  with  sirnilnr  timirif;  requirements  ns  tin  finnl  Semiconductor  menion.  One 
niemon  wns  pui-chnsed. 

The  Power  Suppl\  "fiierntes  nil  the  sec-ondn  n xoltofies  required  for  the  Adopter 
nnd  till-  (’DP.  It  nlso  contnins  the  relnys  to  control  power  for  the  Adopter,  CDP, 
nml  PPM.  One  Power  Suppiv  with  spore  ports  was  fnbricnted. 

The  Housing  is  the  chnssis  thnt  pinsicnilx  supports  the  modules,  menior\',  nnd 
power  supph.  A Inn  is  mounti-d  nt  one  end  for  cooling;  the  electronics.  One  housinj; 
wns  flesi|idi'  ‘l  <''>i<l  fnbricnteil,  wi  reil  nnd  continuit\  tested. 

Complete  checkout  ol  the  CDP  'Mi  nion  Adopter  was  nccomplished  in  Mn\  lt)7(> 
nnd  the  unit  wns  delivi  red  to  tin  intiy; ration  Inb.  This  ncti\ih’  completed  I'nsk  l.ll. 


I2f. 


COMPUTE  R CON  TROL  PANE  L ICCP) 
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cur  \U'in()r\  Adapter 


I I ASK  1.  I.  sol  rWAUl 


I he  |)Ui|iOM‘s  (i|  this  task  wcfc  to  il('\clo|)  INI'  tmd  test  station  soliwai'c.  I'hc 
task  to  condiiot  data  anaUsis  on  the  I PM  s\stcm  uas  dolctcd  li-om  the  conti’act  per 
U.  t .1. 


J . 1 . 1 1 M Soitv.  a I'c 

■J.  1.1.1  Uackuround 

riK  * .'^1  iltwafo  loi'  autononious  opofalion  of  tiu'  l.\l  is  i niplonionU'd  in  tlu'  MlCIKi.N 
DPI  . rile  DPI  is  an  into^ral  part  of  the  INI  . It  is  a low -weight,  low-pow  iT,  low-cost 
dedicated  pfoeessoi-  with  tlTL’  basic  macdiitie  instnict ions,  including'  last  doublc-pi’ccision 
ills!  met  ions  that  wefe  spctdlically  designed  lor  MK'HON  riajui  rcnicnts.  The  opci'ational 
memorv  I'of  the  DIM  is  desitiiied  to  be  mostly  read-only  memory  (for  fixed  profii'nm)  to 
mitiimi/e  system  life-cyede  costs.  Ilowcwer,  an  tiiixiliary  externtd  core  memory  was 
useil  lor  program  deyidopment  and  yerification.  The  i)ro^r;im  structure  has  been  dedined 
sU(di  that  when  it  has  been  \c'idfied  in  the  field,  it  can  then  be  con\'erted  into  fixed  rixid- 
onl\'  memory,  for  tIu’  nuaintime,  the  core  memory  allocation  has  been  partitioned  so 
that  the  yariable  part  of  memory  has  the  identical  address  rany.'e  of  the  read  write' 
section  of  memory  in  tlie '‘ventua  1 DIM  memory,  and  only  lixed  information  occupies 
the  addri'ss  ranee  of  the  read-only  memory. 

I'he  Phasi'  2H  program  benefitti'd  from  the  deyelopmetit  of  proHi'n  ni-s  for  the  NTT 
system  with  a MU'KiiN  DIM  which  preceded  the  di'\i'lopment  INI  software.  Hy  impos- 
imi  the'  same  metnory  constraints  on  tlu‘  .NTT  soltware,  it  was  possible'  tee  strue'ture  the'se' 
pree^rams  in  sue'h  a way  that  tht'y  we're'  similar  to  the'  ('e)r re'sponelinn  I!  PM  pree^i’atns,  and 
maeie'  the'  seeftware'  ele'\ e'lopme'iit  t;isU  sonu'what  e'asie'f.  The'  inte'rfae'c  harelvyarc'  and 
leine'tional  re-ejU i re'ine'iit s we'fe'  suffie'ie'ntl\'  diffe'i'e'nt  be'twe'C'ii  NTT  and  the'  I.NI  that  the' 
|)re)urams  eeeulel  neet  be'  maeie'  iek'iitical.  Ileewe'yi'f,  the'  feind;i  me'iital  moeles  eif  ope'ratie)n 
anel  the'  as.^e'inbly  laneuaee  we're'  ieie'ntical,  and  this  was  be'lielie'ial  tee  INI  seittware 
ele'\  e'lopment. 

Iturin;^  the'  lirst  part  eef  Pluise'  MU  (thienieh  Ma\'  lUTMl,  the'  ele'l  init  iein  eel  INI 
pi'eenreim  re 'e|u  i re'ine  nt  s was  finali/e'el.  f fenn  April  threeueh  .•\uf;ust  eel  l‘»i(i,  the'  last 
Cye  le',  .Start,  attel  Cal  Data  Ceelle'e-t  pree^ram  se'i;me'nts  we'fe'  e'eeeh'el  ;inel  peirtially 
e'hee'ke'el  eiut.  ( e )e  I in  j4  W ;is  eleene'  in  the-  ( e.\ P MK'Ult.N  asse'mble'f  hinj^ua^e' , anel  the' 
seeltwal'e'  pre'\  ieeus  l\'  ele'\  eleepe'el  leer  the'  NTT  syste'lll  was  USe'el  as  a base'lille'  in  eerele'f  te) 
minimize'  e fleei't.  Che'e'keeiit  wa.s  ae'e'eemplishe'el  pi'imaidly  b\'  usin}^  the'  Dl  111  (i  anel 
.Simulate)!'  pre);yi'ams  as  re  al-time'  .seettware'  e'lu'e  koeit  toeels. 

In  pai'alle  l with  the'  e fleei't  ele  se'i'ibi'el  aboye',  a iii'W  assemble  r anel  asseie  iate'il 
suppeil't  Seiltwai'i'  we'fe'  e le ' \ e ' leipe 'i  I anel  \i'rilie'el.  file'  lle'W  asse'lllble'l'  (the'  MIC  K()N 
Mai'i'o  .Asse'inble ' !' ) impro\  e's  e'oelinn  e l lie'ii'iie'y  by  I'e'elue'iiiK  tl'*'  numbe'i'  ol  i )P  e'eiele' 
mni'meinie  s b\  a fae'loi'  ol  lour,  ;tnel  pi'os  ieh'.s  the'  e'apability  ol  as.sembliiif^  the'  prei^ram 
as  a si'i'ii'S  ol  ri'loe'atable'  obje  e'l  se-nnuTits  w hie'h  e'an  be'  link-loaele'el  tei  leirm  the 
e'Xe'e'Utabli'  pi'onfiim.  Coiling  of  the'  Align  aiiel  .Na\  preegram  se'gme'iits  was  eleiiu'  in  the' 

MIC  Ho.N  Mae  i'o  .Assemble'!'  language'  be'ginning  in  duly  l!lT(i.  Due'  tei  the'  eomple'xity  of 
the'  Align  anel  Nay  e'omputations,  the'  fi  I'st  stage'  eif  e'he'ckeiut  w;is  pe'i'feirnu'il  by  using 
si'M'i'iil  inele  pe'nile'ntly-e'oile'il  IIP^IOO  e'he'e'k  preible  tn  preigi'ams  fell'  e'eimpai'isein  e>f  ste'p- 
by-sti'p  I'l'sults.  riien  simulatin'  runs  wi'fi'  use'll  loi' ilyn;imie  elu'ekoul  einel  i'\a luat ions 
of  mi'chani/al ion  di'.sign  improci't.  Ks.  Ihi.s  I'hi'i'koul  pi'oee'ilui'i'  w;i.s  e(uiti'  .sui'ce's.slu  1 
a.s  li'w  .softwiii'i-  pi'obli'm.s  vM'fi'  e'lU'i),  't'l'il  elui  ing  sub.se'ejue'nt  soltwai'i'  inle'greit ion 
anil  alignment  anel  na\  ig;it ional  I'uns  with  the'  inti'grati'il  systi'in. 
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rh('  support  sdUnv:!  If  (Unc'lopisl  with  tlic  new  :i  sscmhlc  r iucludi's  :i  t r.itisltitfir 
p^()^r;ml  wliicli  coumtIs  ;i  souns-  program  Ifom  the  old  assomhlcr  lan^iia^c  to  llic  new 
issrml)li'r  laui;u;iu(‘.  I'IiI.n  program  is  used  to  translate  that  portion  ol  llie  INI  soltvstire 
eixled  in  the  idd  assen)l)ler  lanitutiue  into  the  MU'ltitN  Macro  Assembler  lan^;nauc. 

IM  soltware  diwadopment  was  aided  considerably  throutth  the  devtdopment  and  use 
ot  se\ei'al  support  |)royrams  which  make  use  ol  the  IIIMIOO  MICUn.N  interlace.  Notablv 
these  proyrains  include  l)l  ltl  (i,  l.()AI)M,  andSA\l-.M,  A version  ol  1)1. HI  (Ihtisbeen 
developod  in  which  control  is  exerc used  thi'out;h  the  Ill’ltlUO  ('ltd’  console  to  display 
and  (diaiiye  M|('lt<i.\  memorv  locations,  set  pro^i'am  Irtips,  and  start  the  proj.ti';un 
counter  at  anv  si  hcted  loetition  while  the  MU'KON  DIM  is  in  the  run  mode.  I he 
1 iiADM  program  provides  the  eajitdiility  of  lotidinit  an  object  proyrtim  module  from 
an  lll’^lOO  disc  data  file  into  the  DIM  memorv.  With  the  SA\  IM  pro^ran),  the  entire 
lid\  Mlt'ltiiN  memorv  can  be  stored  in  tin  1 1 1’lt  1 00  disc  data  lile.  loxeiher,  1,().ADM 
•ind  SA\  I M prov  ide  the  eaptibilitv  of  rapidlv  overlavint;  proiiram  obieet  seanx'iKs  and 
then  en  titin^  and  saviny,  a sinyle  pi'oyrtim  load  module  from  which  a ttipe  can  bi' 
punched,  il  desired.  All  soltwtire  w Inch  mtikes  use  ol  the  lll’2100  MU  lt().\  interbiee 
incorporates  ;i  eheeksum  fetiture  to  v erifv  aeeurtite  data  t rtinsmission. 

I'he  INI  sofiwtire  has  been  designed  tieeordintt  to  the  re(|ui  rement  s in  the  INM' 

Cl  spec  iliealion.  All  softw:ii-e  funeliontil  requirements  have  been  ehecd'ti'd  out  and 
verified  in  svstem  integration  testing  with  the  exceptions  ol  svnehro  antilo^  outputs, 
diyittil  datti  bus  outputs  at  fast  evele  rate,  oosition  U|)d;ite  via  datti  bus,  and  data  bus 
control.  The  inteyrtit  ion  testing;  of  these  functions  vvtis  dideted  I rom  the  intet;r;it  ion 
test  plan  ;it  ilie  request  of  the  customer.  All  I.M  soKwtire  necessary  (o  su()[)ort  Dio 
euri’ent  lestintt  has  been  cheeked  out. 

2.  1 . 1.2  DescTiption 

rile  I I’.M  computer  pi'ojtrtim,  whii  h controls  the  INI  during  all  modes,  is 
desei-ibed  in  this  section.  I he  dese ript ion  includes  program  mode  eont  i-ol,  pi-o^i'am 
structure  lexeeut  iv  e and  I t)i,  baekttround,  ma|or  subrout  ines , simulator,  andutilitv 
subroutim  s.  Detailed  flow  eluii’ts  and  ttibles  of  pioyram  i-onstants  and  variables  are 
ini  lulled  in  A|ipendiees  C throutth  1 . 

2.  I.  1.2.  1 Urottram  Mode  Control.  I'he  prottram  is  controlled  throutth  the 
Control  Nav  itttil ion  I’anel,  which  eurrenllv  consists  of  a modified  N.'iTA  CDt  . I'lu'i’e 
are  three  basic  pi'ottram  modes;  "Sttirt,"  "Alifin  and  Navittate,”  and  "Calibration  Dtita 
Collect."  The  latter  mode  is  used  onlv  in  a test  station  environment  with  tin  lll’210(» 
Datti  Acquisition  Svstem  interlace. 

II  tiulomatie  seqiieneintt  is  sideeled  bv  the  operator  ithe  "normal"  opertitional 
ease),  the  prottrtim  sequences  throutth  the  vtirious  sub-modes  of  the  S I .Mf  I prottrtim, 
throutth  the  selected  alittnineiit  mode,  and  into  the  navittate  modi’.  The  operator  is 
ttiveii  indications  o|  pi-ottress  and  Hi  l l status,  tieeordintt  to  the  selected  display  mode, 
via  the  CDI  . I he  .\.\\  KI.ADN'  indicator  is  illumintited  when  the  sequence  is  completed 
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I he  |)i-(i;4ram  alsu  has  the  capalhlilv  dI  manual  mode  sc<(Ucncin^  in  anv  ondcr 
rotnmandi'd  hv  the  ope  raloi'.  Manual  mode  conli-ol  is  |)ro\  idcd  primarilv  Ion  Icsl 
purpt)si  s.  Ihc  rnmpulcr  also  has  an  interlace  to  a line  printer  lor  lest  data  collection 
ladles  d.'>  ihroueh  d''  ileline  prop.ram  mode  control,  program  commands,  printer 
eomrol,  MDt  displavs,  discrete  assignments,  and  interrupt  assienmenis. 

1.  1.2.2  1‘ro^ram  St  ruelu  re.  I’roeram  e\eimli\e  (-(int  rol  is  contained  in  tin- 
last  e\(  le  routine,  which  is  inteiaaipl -dri\'en  at  a li  I 11/  rate.  I he  last  eycde  is 
si  ruelu  red  a round  I he  .d  1 I I ( i I iv  means  ol  I h ree  i nl  e r ru pi  s : u 1 II/,  I N I ) M I ( , and 
CMI'l  re.  A limiiin  diaj;ram  depielim;  tl'is  structure  is  shown  in  I iyure  To. 

Maior  lunelions  ix-rlormed  d\  the  last  e\(de  routine  are  listed  Ixdow  : 


1 I’l'osrain  Controlled  I ( ),  imdmiintt,  discretes 


2.  Aee(  le  romel  er  compensation 

.'1.  \ (doeit\'  aei'umu  lal  ion , spin  ;iNis  eooi'dinales 

1.  Partial  an-li'  compensation 
Certain  Pd  l li  tests 

d.  Demod  lfe(|uem'y  e()nl  rol 

7.  .Spin  motor  commands  (damp  mode  onh’i 

' . No  lanali/e  spin  \ cetors 

'a.  I hernial  eoni  rol 

l ast  escle  iletailed  I low  clitirls  are  presented  in  .Appendix  C. 

The  jiroyram  controlled  1 (>  imdudes  the  CDI  , printer  and  liP210il.  I he  IIP 
output  and  printei'  output  share  a common  ehanm  1.  Onlv  one  ol  the  devices  can  be 
connected  and  o|)erate(l  at  one  time#  I lu*  last  eyele  time  shatces  IIP  input,  IIP  output, 
printer  outjiut , and  CDI  input  output  so  only  one  lunetion  is  perlormed  each  I (l  I S(  e. 
IIP  input,  IIP  output  atul  printer  output  tire  onl\  perfoimud  when  nquested  by  another 
pronram  nuxiule.  Printer  output  ean  only  lie  exeeutial  at  a maximum  of  8 times/see. 
IIP  input  or  output  is  executed  whemwer  dtita  block  length  words  IIPIN  or  llPOl  I’  are 
non/ero.  II  the  input  or  output  is  sueeessl'ul  word  IIPIN  or  llPml  I is  set  /I'ro.  II  it 
is  not  suc-eesslul  (probably  due  to  insulfieieni  timei  the  word  IIPIN  or  II  P(  tP  1 will  be 
left  non/ero  and  the  transmission  will  be  initiale(l  from  Ihe  beninniiif;  on  the  next  evele 
A Bi  ri.  flan  whenever  an  I O function  is  not  completed. 

2 . 1 . 1 . 2 . .'i  BaeKnreiind  Pronrani 

2.  I.  1,2.2.  1 Orpani/tilion.  Haeknround  is  inititillv  entered  from  the  computer 
i-esel.  It  performs  a firsi  time  initiali/ation  followed  bv  common  inil  iali/at  ion  tind 
then  enters  the  normal  baeknround  loop.  I he  baeknroimd  loop  is  execuli'd  once  per 
second.  After  common  initiali/ation  is  completed  the  interrupts  are  enabled  whii'h 
allows  the  (i  I 11/  interrupt  to  initiate  Ihe  fast  eyele.  Common  initiali/ation  is  ri-- 
entered  when  transferriny  to  either  the  na\  iyation  or  eal  data  collection  proyram 
modules. 


PIR2 


.964  MSEC  15.625  MSEC 


'I'lu'  major  luiu-tions  poiiornu'd  in  l)ac-kRrouncl  include  data  proccssinf>  lor 
control  display  panel,  schcdulinfAor  printer  lists,  HITE  test  inf;',  and  ))aekf;round 
c’omiHitations  for  nav,  start,  and  cal  data  collection  prof;rani  modules.  Hac‘kf;round 
also  seliedules  tlu'  Simulator  prof>ram  w hen  in  the  simulation  mode  (no  external 
int  e rrupts). 

The  t'nt'  display  provides  the  data  siiecifierl  by  the  data  select  switch  when  in 
alifiti  or  na\  i{;ate  modes.  In  all  other  modes  tenii)erature,  ga]).  and  rotor  sjjeerl  is 
outinit  on  the  disi)lay.  Table  29  gives  the  correspondence  between  data  displayed  and 
data  select  imsition.  When  "i)ress  to  test"  is  on  all  lights  on  the  ('Df  are  lit.  If 
"press  to  test"  is  on  while  the  hold  switch  is  on.  all  BlTK's  are  cleared.  Eight  words 
are  output  on  the  HITI-.'  dis()lay.  The  HITE  displa\'  is  secjuenced  by  pressing  the 
"press  to  test  switch.  " If  an\  BITE  is  set,  the  BITE  Hag  is  latched  on.  If  all  BITE's 
are  zei’o  the  IflTE  flag  is  latched  off.  Keyboard  inputs  ai’e  determined  !)>■  position  of 
the  data  select  switch  and  the  first  BCD  character  of  the  injiut  word.  Latitude,  longi- 
tude. heading,  and  altitude  are  input.  .Also  program  commands  are  entered  when  the 
data  select  switch  is  in  .MODE  ST.M'US  position. 

The  program  commands  are  gi\en  in  Tallies  25  and  2().  Start  mode  com- 
mands are  prefixed  by  S,  Xav  mode  commands  arc  prefixed  by  X',  and  printer  com- 
mands are  prefixed  by  E.  Start  mode  commands  initialize  the  mode  word,  TCI.  TCI 
\alues  are  given  in  Table  28.  The  mode  status  rlisplay  is  a compacted  uord  defining 
program  mode.  The  display  code  is  defined  in  Table  30.  Discrete  and  interrupt 
assig'nments  are  defined  in  Tables  .31-38.  Background  performs  those  BTTE  tests  not 
(icribrmed  elsewhere  in  the  program.  Backgi'oiinfl  detailed  flow  charts  and  definition 
of  all  BTTE  tests  are  presented  in  Appendix  It. 

2.  1.  1. 2.  3.  2 Computations.  The  navigation  background  computes  velocity  change 
magnitude  over  1 sec  intervals.  The  value  of  gravity  is  computed  based  on  altitude  and 
earth  elipticity.  .ALPHA,  the  clockwise  angle  from  the  "platform"  axis  (defined  by  soft- 
wan*  only)  to  the  true  north,  is  cominitcd  in  background  during  alignment  only.  This  is 
used  to  provide  an  azimuth  response  display  during  alignment  and  has  no  impact  on  the 
na\igation  function. 

In  the  calibrati!  data  collection  mode,  the  demod  control  routine  cannot  use 
'll  X Aa  •i*''  I'kast!  reference  vectoi*  liecause  V)  and  Va  niay  be  colinear.  .A 
quasi  im.'rtial  reference  set  (Hj.  lU^j.  Vi)  is  computefl  to  provide  the  phase  reference 
where 


B(^  V X 
) 1 


H.  Bt^  X V. 

1 1 I 


if  Vj  is  not  very  close*  to  the*  z axis.  If  Vj  is  vt*rv  close*  to  tlu*  z axis  an  alle*rti;ttc* 
(*quation  is  us(*d 


r.MU.K  2.').  I’HdC.KAM  MODK  (’()N  ri{(  )I. 


Cal  Data  Collect  STliV  \(i()()0()()  MODK  STATCS  ‘/-(NGP  CAI.  Key-in  is  latched  until 

mode  ■ XKl’)  Xav  mode  is  commanded. 


TAHl.K  2(i.  PKOC.inM  COMMANDS 


TAIU,K27.  l>KINTi;i{  COXTHOL 
(C'DT  DA  I'A  Si;i,i:c''l’  MODI';  STA  Tl’S) 


I’l’inter  Command 

CDC 

Keyboard 

Input 

I’rini  ( lap  list 

liOOOOOl 

j 

I’rint  Ali^;n  list 

i i:oo()oo:i 

1 

Drint  Na\  list 

I'.ooooo;; 

I’rint  Un  f.  list 

I'diOOOOl 

I’rint  Kotor  c'luir};('  list 

i:  00000.') 

rempi-rature  list 

i:  00000(1 

Notes 

Autonuitieally  printed  in  S'l'AIt  T c-vei’v  -‘iO  si'C 

in  Sri5Y  every  10  min 

Automat ieally  printed  in  Al.ION  every  2 min 

Automatieally  (trinted  in  NA\’  every  '>  mi;i 

Automatically  printed  al’tei’  lU  l'l-;  failure 

Automatieally  printed  aftcu-  eharf>(‘  monitor 


TABI.K  28.  STAHT  MODK  COMMANDS 


Mode  Number  ('I’CI) 

Description 

0 

.\bort  c-urrc'iit  STAKT  modi' 

1 

Svsti  ni  cheeks 

1 •> 

'/.  coil  heat 

*.  0 

Sus|)end 

\ 1 

Chartte  monitor 

Suspended  /.  coil  hi'at 

(1 

l.ow  frequency  degauss 

\ 7 

Spin  gyro  1 

\ H 

Damp  gyro  1 

\ ■’ 

final  spin  gyro  1 (NA*) 

■ 10 

Spin  gvro  2 

1 1 

Damp  gyro  2 

Ki 

final  spin  gyro  2 (NA) 

Ki 

Teniperatu re  stabilization 

1 1 

High  frequency  degauss 

1.') 

Standby 

Id 

Manual  charge  monitor 

17 

Desuspend 

bs 

.Manual  de-spin  (N.A) 

NA  Not  eui'rently  a\ailal)le 


SIKKKKI 


Start  idle  mode’ 


SiatdKK  Start  nuxli’  ni).  KK 

S^■ZllKK  Start  damp  niodf  (If  KK  OS,  n:V  ll'A.M,  Z XMIX) 

Xdoodo  Xav  staadln- 

Xddddl  Stored  heading' al if;n 

\dddd2  (iyro  eompass  align 

XddddO  Navigation 

(•/-)ssnyy  Cal  Data  Colleetion  ea I data  eolleelion 

raw  data  eollcetion 
XX  Xo.  gyro  points  to  hi'  taken 
yv  Xo.  I'ALA  points  to  he  takmi 


TAHI.K  :n.  PIX)  DISCKFTI-;  Ol  Tin  T (OM  COMMANDS) 


O 


liotator  motor  enable 


MAM)  wn  il  PDO  KXAHI.E) 


Spin  motor  l\)\\er  Amp  enntilc 


l.o^ic  Dclin.ition 
(Hi’rtM’cnc'ctl  to  SoUwarc 


cnr  Status 
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I'AIU.K  3H.  INTKIJUr  I'P  ASSIC.NMKN  rs 


Inti'rriipt 

1 )esif;natii>n 

Title 

Source 

PlltO 

Hiomotion  Tri^tni-r  ( immtaliatc- 
shutdown  if  not  spinning) 

Test  liquipment 

I'llU 

Pndmuc 

Processor  1^0  Module 

PIH2 

, 

C,  1 11/  C'loeU 

MUM  KMA  'Timinj; 

Cicni'  rat  or 

I'lH.'! 

Cmpltc 

Processor  U O Module 

IMH  1 

l)esi};nate 

C'on\erti;r  Module  ('Throttle 
Grip) 

IMH.I 

'Transmission  Comijlete 

Data  Tc'rminal  Module 

PllPi 

Input  Message  Krror 

Data  'Terminal  Mtwiule 

Pin: 


CPr  liUtii’val  'rimer 


CPr  Internal 


H.  lU/.  X 


rlu'  ri'IVrciicc  set  is  updiiti'd  in  llu'  cxil  (lain  col Ic’ction  prof;i’ani  whenever  the'  tnl)le  is 
turned. 

-.1.  l.L'.  I Major  Suhroiitines.  I'he  Ihrt'e  major  sul)routines  called  by  the 
last  cycle  exeeuti\e  are  S TAK  T,  (’AL,  and  \A\'. 

1^.  1.  1.12.  1.  1 S I'AR  r.  During  I'irsl-time  initi;iliz:ition,  background  sets  up  lor 
the  start  mode.  When  the  interrupts  are  enabled,  the  START  routine  is  entered. 

The  sub-modc'  of  S TAR  T is  determined  by  the  vtiriable  TCI.  Ttible  28  lists  these 
modes.  IT  automatic  sequencing  is  seleeted,  S TAR  T will  se(|uenee  through  modes  1 
to  1.").  In  the  manutil  mode,  TCI  is  entered  on  the  CDU,  ttccording  to  Table  2'). 
Dettiiled  Tlou  eharts  of  till  S TAR  T routines  .are  presented  in  Appendix  I. 

Tiist  wttrmup  hetiter  eontrol  is  opertited  continuously  in  till  START  modes,  in 
subroutine  WRMCP.  Phase  locked  demod  frequency  control  routines  NOSPN  and 
DKSIR  tire  scheduled  tis  requirc'd  in  each  mode.  Table  .‘59  lists  the  u.scs  for  demod 
fre(|ueney  tind  its  source  for  all  STAR  T modes. 

Spin  Motor  Control  electronics  (SMC)  tire  used  to  generate  both  motor  currents 
tind  Tl)  signtils.  The  modes  tire  controlled  by  discrete  outputs.  It  is  impoitant  to 
htive  SMC  outputs  zero  (A  15  S 0)  before  tind  tit  least  1 / (i  l see  after  changing 
states  on  the  following  discretes. 

SDttl.')  Spin  motor  power  timp  on  Off 

MI)H02  Heat  mode 

TlXtdO  Spin  motor  po\\(>r  amp  gyro  select. 

It  is  also  necessary  to  set  the  heat  mode  discrete  (MD0()2)  prior  to  setting  spin 
motor  power  amp  enable’  (SDUlf))  in  order  to  lU'oid  hitching  the  long  shutdown  mode. 
Thi’se  sequencing  rc()Uircments  are  implemented  in  the  "front  end"  or  driver  section 
of  S TAR  T prior  to  jumping  to  a modc’-scr\ icing  subroutine. 

2,  1.  1.2.  1.2  Calibration  Data  Collect.  Cal  data  collection  is  entered  from  the 
navigate  mode  by  a command  through  the  control/display  panel  keyboard.  Once  in 
the  calibrate  mode,  the  program  will  remain  in  that  mode  until  commanded  out  by 
another  eontrol  display  panel  keyboard  entry. 


M.'') 


TAHI.K  :{9.  DKMOI)  FUIX^I  KNCY  rSAC.i: 


Modi' 

Demod  FreepKmey 
Control  Source 

SMC  Frequenev 
Source 

Initi.'ilize 
PLDC'  Moutine 

7.  coil  !ieat 

Const;mt 

(Ivro  1 

No 

/ degau!';!'^ 

ConstJinl 

(iyro  1 

Nf) 

Charge  Mouitoi’ 

( 'onstant 

Other  gyro 

No 

Servo  l est 

Constant 

S.ame  gyro 

No 

S])ia 

Spi'ed  Detect  Mode 

Si)eed  detect  routine 

Other  gyro 

No 

Spec'd  .'Xdjti.st  Mode 

PLDC*  routine 

Same  gyro 

Vop 

I )am)) 

PLDC  routine 

Same  gyro 

No 

Temperature 

PLDC  routine 

Same  gyro 

Yes 

Stal)iliz:ition 

Final  Degauss 

IM.DC  routine 

.Same  g>ro 

No 

'PI.DC  = Phas('  Locked  DemtHl  Control 

I'hc  (latii  colU-ction  iirouriun  is  in  an  idle  mode  until  Inst ructicMis  are  receixod 
from  the  IIP  computiT.  I lu'  ro(|iK‘sted  data  is  c’ollectt'd  and  output  to  the  IIP  eoni- 
puter.  I he  program  then  returns  to  idk'  waiting  for  another  inst rui'tion.  The  data 
eolleetion  program  can  eolleet  either  raw  data  from  gyros  and  KMAs  or  ealihration 
data  from  g\'ros  and -or  KMAs.  Paw  data  is  sampled  and  transmitted  (il  see. 

Moth  gyro  and  KMA data  may  be  eolleetc'd  simultaneously.  IX'tailed  ('Al.  program 
flow  charts  are  presented  in  Appendix  J. 

The  calibration  data  collection  may  consist  of  several  calibration  "data  points" 

(N(;P  = number  of  gyro  data  points,  NKI>  = number  of  KMA  data  points,  NKS  = number 
of  seconds  of  KMA  data  per  KMA  data  point).  Kach  data  point  is  the  result  of  a least 
.squares  fit  to  a specified  number  of  instantaneous  data  samples  (KCS  = number  of  (14  Ilz 
gyro  data  samples  per  gyro  data  point,  the  product  NKS  • 64  * number  of  64  llz  KMA  data 
samples  per  KMA  data  point).  The  data  collection  program  only  performs  the  summations 
for  the  least  squares  solution.  The  final  solution  involving  a matrix  inverse  is  left  to  the 
HP  computer.  Data  collection  is  completely  specified  by  4 numbers  input  from  the  IIP 
computer;  NC I>,  NfiP,  NCIS,  NKS.  Maw  data  collection  is  specified  by  NCIP  negative  and 
NKI^O.  The*  number  of  raw  data  samples  is  -N(iP. 


Kac’h  (lal;i  point  is  output  ;is  it  is  comi)U‘tt-(l.  I lu;  output  data  is  i)uffcrc‘d  so  that 
th('  projjrani  may  immodiatoly  i)l■}^iu  colloctiun  mon-  data  hoforc  the  okl  data  is  output 
Tile  output  data  i)loc‘ks  arc  I’aw.  K.vi’‘d.  j^yroi,  liMA,  and  HI  Tl';.  Only  one  data  block 
is  output  during:  1 til  sm'  interval.  Output  of  the  tmtire  data  block  must  lx;  completed 
within  1 (I  I si-c.  If  it  is  not  completed,  the  c'ntire  data  block  will  be  retransmitted  on 
tfie  next  1 til  .'-I’c.  Failure  to  complete  ilata  block  transmission  will  cause  a BITH  to 
be  set.  I'he  HI  TK  data  block  will  be  transmitted  whenever  a HITK  is  set.  The  first 
ihrei'  words  of  e\crv  data  Idock  output  to  the  IIP  will  contain: 

Word  No.  1 - Cheek  sum; 

Word  No.  It  - lenjilh  of  data  block; 

Word  .No.  ;i  - dat;i  block  nanu'. 

Civro  calibr:ition  ilat;i  collection  consists  of  a liiast  squares  analysis  to  determine  sin 
and  cos  of  slip  frequency  and  DC  amplitudes  of  the  MfM  dahi  a,  p \'ectors.  'I'he 
solution  is 


-1 


where  Dj  = o or  p from  gj  ro  1 or  2 and  Gj  is  the  demod  phase  slip  angle.  Oj  is 
computed  from  demod  frequency  control  reference  phase,  SL,  and  frequency’  control 
residual,  DM  IK), 

G SL  • (DMRO)  (l/r,l  sec).  (2) 

Only  the  eight  summations  in  K'quation  (1)  .are  computed  in  thi'  il.ata  collection  program. 
Pto  'on  (1)  is  solv(>d  in  the  IIP  com|)uter. 

B ata  collection  intere.als  the  fable  ni.ay  be  lurnt'd.  The  demod  control  refer- 

cii.  -,  Bj,  is  c:is(>  fixcfl  during  data  collection.  When  the  table  is  turned  R; 

;ind')j  h ay  become  nonorthogonal,  rherefori',  R,-  is  updated  between  data  collection 
intervals  if  the  magnitudes  of  the  following  dot  products  exceed  the  given  limits; 

Ir.-V.  1>  sin 
I I 1 1 
or 

jlK^j  • yJ  > sin 
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Thf  iipdiilc  is 


lU^  V.  X n. 

*^1  1 I 

H.  = ug.  X X 


l-.'MA  c;ilihr;itioii  c’onsists  of  a (54  point  Ic^'ist  stpiarcs  analysis  to  (kitermitu-  the  slope  of 
till'  aeeiinuilated  KMA  pulse  counts.  The  solution  in  i)ulses/sec  is 


H 


(>(<i4  StiCI 

(NKS)  \ (N  It  (X-l) 


N' 

N (L'n  - X - 1)  1> 

/ . n 

n=l 


1)V()  ((M/.see) 


(3) 


w here  X (14 


(ti)(XKS) 

1>  - N (in’P(i)  - l)V()>  (4) 

n 

i 1 


and  l)\'l’(i)  is  thi“  ])ulse  count  measured  on  the  i fast  cycle 


I)\’()  = ;il2  pulses  = J (5) 

()nl''  the  sum m!>f ions  of  Kr|uations  (tl)  and  (4)  "’re  con'puted  in  the  data  collection  program, 
Kquation  (3)  is  solved  in  the  IIP  computer. 

2.4.  1.2. 4. 3 Align  and  Xavigate.  I'he  NA\'  program  has  three  basic  submodes; 
stanrlby,  Align,  and  Xavigate.  I'he  Align  mode  can  be  either  gyroeomp:iss  (noniial) 
or  stored  hi-ading  (optional  by  manual  command).  The  NA\'  standby  mode  is  normally 
entered  automatically  when  the  one-seeond  background  loop  has  detected  completion 
of  the  automatic  startup  sefjuenee  through  the  STAK  T standby  mode  ( I'd’  If)). 
Background  then  transfers  control  to  a mode  initialization  section,  where  the  primary 
mo(k‘  flag  SrN\'  is  set  negative.  After  five  seconds  in  NA\’  .standby,  the  program  will 
automatically  enter  the  selected  align  mode.  Then,  after  completing  (he  ;ilignment, 
lht“  progr:im  will  setiuence  into  the  frt'c  inertial  navigate  mode.  The  operator  can 
exercise  control  over  mo<ie  switching  according  to  the  informsition  in  Table  2."). 
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One  c'omplc'lo  cycle  through  the  N.W  c:ilcul;ilions  requires  ei>;ht  fast  cycles  or 
1 s sec.  I'lie  functions  to  ))e  perfonned  are  divided  amonfx  ei^lit  suljroutines  or  "slow 
cycles”,  which  are  executed  sc'quentially  and  tlien  repeal.  ’Die  assifinmcnl  of  functions 
to  slow  cycles  and  tlie  relative  timing  are  sliown  in  Figure  71.  Detailed  N'.W  program 
flow  clvirts  are  y^resented  in  Apyx'ndix  K. 

2.  1.  1.  Simulator.  ’I'he  simulator  is  schc<luled  by  Background  whenever  the 
flaii  SIMFB  is  set  non-/.ero.  It  generates  simulated  data  for  yjyro  anule  rearlout,  KMA, 
yjaps  and  temperatures,  and  lAF  rotation.  It  accepts  spin  motor  commands  to  damp, 
spin,  process,  or  heat  the  rotor.  It  accepts  demod  frequency  commands  and  simulates 
the  MFM  demodulators.  It  also  accepts  temperature  eontrol  and  lAF  rotation  commands. 
Detailed  flow  charts  of  tiie  simulator  are  included  in  Appendix  L. 

The  simulator  is  initialized  in  backytround.  There  are  two  primary  modes  - 
navii;ation  mode  and  start  nuMle.  'The  start  mode  simulates  polhocle  moti(xi  and 
accepts  spin  moior  commands.  The  navigation  mode  moves  the  spin  vector  on  the 
case  at  eartli  rate.  Start  mode  is  commanded  by  flas  S'TN\'  = positive  number  (non- 
zero). Charyte  monitor  is  simulated  for  lioth  a spinning  and  non-spinning  gyro. 

I'lu’  l!MAs  are  simulated  as  a constant  pulse  rate.  'The  output  pulse  count  is 
truncated  to  an  integer  numixu'  of  |)ulses  and  the  fractional  jiulse  is  accumulated. 

During  i)n-coiint(.M-  HTTK  t(\st  a fixed  (mist;  rate  is  put  out  (41)  KHz). 

Thi“  simulator  holds  an  inc-rtial.  non-rotating  a and  p vector  fur  each  gyro 
(AI.SI.Mj  and  H'l  SIMp.  The  vectors  arc  expressed  in  earth-fixed  (body)  coordinates. 
During  navigation  the  inei’tial  a,  p \'ectors  are  updattal  at  earth  rate. 


<1  (It  A I. SIM.  = AI.SIM.  X ^2 

1 I 

d (It  BTSIM.  BTSIM.  X 

1 1 

where  S2  is  the  earth  rate  vector.  The  update  is  performed  Ki/sec.  During  start  the 
inertial  o,  p vectors  are  computed  from  the  spin  vector,  WS., 


AI.SIM. 


\ WS. 


B TSI.M.  WS.  xAbSIM. 


and  both  AI.SI.Mj  and  H TSI.Mj  are  normalized.  This  precludes  spinning  up  the  simulator 
on  the  Z axis  due  to  the  singul.i rit v. 
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SLOW  CYCLE 
ROUTINE  NAME  MOO  7 


routines 


FUNCTION 
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QC 
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io 
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CHAF 

IGE  MON 

ITOR 

1 
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GMM3 


UJ 

I- 

< 

a 

a. 

Z> 

UJ 
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VELOCITY 

VALID 


ATTITUDE 

VALID 


GM 

VALID 

POSITION 

VALID 


" 1 1 

VELOCITY  If 

1 (■(■•■ 

4TEGRATION 

MODO 


Fifiurc  71.  NAV  Program  'l  iming 
I.IO 


riu'  MI'M  (ii'inodulatoi'  simuhitor  ii|i(l:tt(‘s  the  di'niod  slip  imglc,  I’llj,  lil/scf 


1>11.  I’ll.  (Sl>.  - DMOl), 


wluTi'  At  1 111  see.  Sl’j  i ' KV’’"  spi'rd.  and  DMODj  ^,|,|  is  com niandcil  dcmoi' 
fia-qiicncv  1 (14  see  In'fore.  Tile  friHimniev  eliaraetiTisties  o!  the  demod  are  simulated 
hv  thi“  am)>litiid('  function 


erj  11/4“ 
(:!2  Hz)"  ■ W. 


where  \\g  is  slij)  fre(|iiency. 


llz)"  • Wg"  > 2 (2(104.1(1  Hz)' 


(lain  = 


(22  llz)~ 
(2(104.  Hi  Hz)‘ 


The  o,  p vectors  (AL'.,  H'l".)  in  earth  fixed  coordinates  arc 

AL.’  = ((;ain.)(Mr.M.)( \1..S1.M.  cos  Pli.  • HTSIM.  sin  I’ll.) 

Ill  1 1 1 1 

HT.'  - (('.ain.)(Mr.M.)(-Al.SlM.  sin  I’ll.  ■ HTKIM.  cos  I’ll.) 

1 II  11  11 

where  Ml'Mj  is  MI'M  amplitude.  Mt'M  amplitude  will  vary  when  polhode  motion  is 
simulated  and  will  he  constant  in  navijjation. 

The  output  o,  p vectors  (ALj,  HTj)  arc  obtained  from  (ALj,  IVl  j)  by  transforming 
fir.st  through  the  l.\r  rotation  angle  K.N',  then  through  a con.stant  lAl  platform-to-gyro 
transformation  [CKG|.  Finally,  a simulated  DC-offset  term  DCH  is  added  to  the 
vectors  in  gyro  coordinates. 


0 


U.,  ICKC'-l 


l!l'.  ICKC.I 


fos  ( I ! N ) 
sin  (1  Ni 
■ (t 

r cos  (I'N) 
sin  (I'iN) 
II 


sin  (I'N) 
cos  I 1;N ) <1 

(I  I 

sin  (I'iN)  !• 

cos  (KM  (» 

II  1 


Al.’j  ■ DCIl 


I VI'!  DC  I! 


Clrirj^c  monitor  m:iy  lie  simnlati'il  with  a I’D  input  l)\-  si'ttinfj  the  appropriate 
(liscrt  tc  onti>ut  lilts,  (inlv  plate  center  1 I'D  is  simulateii.  The  TD  signal  is 
eenerateii  from  the  other  f;\  ro  ilemod  I'recpiencv.  I'hc  charge  monitor  "MKM  signal" 
is  gencrateii  with  the  MKM  ilemodulator  simulator  using  the  other  gyro  ileniod 
Ireipieiuw  in  plai'e  of  rotor  speeil.  I'hereforc.  the  iliflerencu'  in  the  two  rk'Hiofl 
freipieiieies  is  the  slip  Irequeiu’N'.  I'he  "MKM  signal"  output  is  scaled  by  the  simu- 
latecl  charge  on  the  rotor. 

Charge  monitor  ma\-  Ih'  simulated  with  a spinning  rotor  h\’  not  commanding  TD 
input.  The  normal  MI'M  signal  is  iisisl  with  the  following  modlfication.s: 

1.  .\  and  channel  signals  are  interchanged: 

2.  7.  chaniud  signal  is  zero: 

.'i.  .Ml  signals  are  scaled  by  the  simulated  charge  on  the  rotor. 

renifieratures  and  gaps  are  output.  These  are  both  corrupted  by  ground  voltage 
(iXD.  (!:ip  is  conmuted  using  case'  coefficient  of  ex[)ansion.  T.XPS.  case  temperature 
TKMP.,  and  rotor  temperature  TROT.: 

S.MC.M'  Cr.XPSX'IKMPjl-rROTj  * CAM) 


The'  output  gap  reading  is  time  shiired  V)etween  the  two  gv'ros. 


Ill  llu‘  sl.'irt  mode  the  };\  r()  sinnilatioii  pa ra nictci’s  an-  rotor  spin  vector  in  c-asc 
(“oordinatcs.  W'Sj.  ami  I'otor  spin  veeloi-  diroftion  cosines,  in  rotor  coordinatt!S.  WAj. 
\\  IM.  WCj.  Idle  Icnjjth  of  W'Sj  is  rotor  spi‘i“d.  Sl’j.  X'c'ctor  (WAj,  W Hj,  h;is  unit 

length  with  coni|,oiu'nts  alonn  tlu‘  rotor  A.  H.  and  C principle  axes,  rcspcctivcl v. 

Axis  A has  tiiaxinuini  moment  of  inertia  and  ('  has  minimum  moment  of  inertia.  For 
a non-spinninji  rotor  W'Sj  o.  however,  WAj.  \\  Ifj.  Wd’j  are  alread\'  initialixed. 

in  the  spin  moili' 


-^\VS.  (sl.T)  llz  sect  (A,S  x BS) 

(it  I 


whei'e  the  maximum  len^rth  of  spin  motor  command  vtictors  A.S  and  15.S  ari'  unity,  llow- 
e\'i’r.  maximum  current  input  is  half  timplitude  AS  and  BS. 

I he  polhodi'  motion  equations  arc 


B "■(•  • 

(,>a/a 

• C)  U 

\ if  / 

A-B 

( 

c^^./c 

wluM-c  ((,1.,^,  (.>1,,  is  the  applied  torque  vector,  (\V^\,  W’  , \V(.)  is  the  spin  vector 

ill  rotoi- coordinates  .and  A,  B,  C are  principle  moments  of  inertial.  Normal i zinj>  the 
spin  \ ector; 


Kives  an  unforced  cqiuition  of  motion 
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Si  -S\ 


siiU'c  A ~ n - C, 


For  ('  f;iniil\'  polhock’  motion 


/b-(’ 

A-H 

J A ■ 

(' 

iind  foi-  A family  polhodo  motion 


For  (■  famil\'  i)olho(k'  motion  tlu;  o(|iialion  can  be  linearized 


•.vhere 


\\(.  At 


S 

H 


1 


which  has  a si;cond  order  solution 
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VN  H '''a  I - 


W 


Tlu'  sohilioii  loi-  A l';imilv  pnlluxii-  motion  is  idoiitic'al  with  the  roles  of  A and  ('  axes 
iaterchanned: 


Ml'M  via-tor  is  the  eompoiumt  of  pendulosily  \ec'tor,  I’AHC  il’A,  1’I5.  l’(')  tliat  is 
orthogonal  to  spin  veelor,  WAIU'  (WA.  U U.  WC).  MI'M  (|u;idrature  veetor  is 


'’aIU-  " ^^AHC 


and  MI'M  is 


MI’M  mafj:nitiide  is 


MtM.  |M| 


Damping  tortpu'  is  a|)i)lied  with  amplitude  jn-oportional  to  the  scpinrc'  of  the  current 
command  vector  amplitude's  AS,  HS.  SS.  rnrrpie  dire-etion  is  in  tlu>  M,  plane?  with 
.angle'  from  the'  MI'M  \cctor  computed  as 


sin  fi  - 

(AL.  • AS»/N'r(^ 

cos  0 

(AL.  • BSi/NTC^ 

N'Tt^ 

w’s  IwsI  • SS 

The*  polhode*  torepiing  ecpiations  are- 
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ABC 


nid/  .se-c) 


^ I'Q" 


21 

|M| 


cos  0 N’dA^- 


l.a.a 


2.  t.  rtilit\  l{mitincs.  I roiiliiics  which  h:ivc  been  flcxclopcd  tor  Ihc 

I'il’M  Dl’t'  ;irc  listed  l)i  low: 

1.  iKiiiblc  precision  Irnetional  di\id<‘ 

2.  ^in^le  precision  ,i retanm  iit 

2.  Double  precision  ;i rel:ini;('nt 

1.  Single  precision  sine  uid  cosine 
IXuible  pi'ceision  sine  ;ind  cosine 

<>.  IX)nble  pi'i'cision  S(|u;ire  root 

7.  Single  piHcision  \eetoi'  ei'oss  prixliiet 

X.  IX>iible  precision  \ eeli)i’  ei'oss  |)roduet 

it.  IX)uble  precision  dot  (inner)  pro<kiet 

1 0.  I nit  x'cetor 

11.  Hoot  Sinn  Sf|iiares 

12.  I’l’int  I'orinatter 

12.  Single  prei'ision  2 ,x  2 matrix  times  2 x 1 vectoi-  multiply 

2.  1.1..2  DIM  .Memors  Alloi'ation 

The  DIM  memoi’N  has  been  allocated  according  to  thi-  planned  operational 
coni igui-at ion  ol  12K  l ead-only,  IK  i-ead  writi'.  Memori'  allocation  maps  ari“  pre- 
sented for  read-only  memory  in  figure  72  and  for  ri‘ad  writi'  memory  in  figure  72. 

A detailed  listing  of  read-onh  memor\'  re(|ui rements  for  tlu-  pi'csent  vei-sion  of  the 
program  is  given  in  'fable  10.  .As  shown,  appioximately  2.a0  locations  of  read-onl\ 
memor\'  .ai'c  unused.  However,  the  present  version  of  the  iirogram  includes  the  simu- 
lator loutine,  the  lliomation  trigger  interrui)t  routine,  and  1I1’2100  and  printer  1 () 
logic,  'niese  functions  will  be  deleted  from  the  operational  flight  pi'ogi'am.  .After 
these  functions  are  delited,  approxim.ately  2000  locations  of  reail-onli  mi'mory  will  be 
available.  (Still  to  be  added  is  the  lo.73.A  Data  Hus  control  function.)  .About  h.ilf  of 
re.id  write  memoiy  and  about  half  of  thi'  fiAllO.M  memor\  is  available  for  growth 
funet  ions. 

2.1.  1.  I INM  Software  'l  iming  Data 

'fhe  INt  software  architeeturi'  is  based  on  a O-l  11/  interrupt-drivi'n  fast  cycle 
I’outine  which  o|)erates  in  the  fori'ground,  :ind  contains  the  i-xecutive  control.  All 
time-critical  functions  are  implemented  in  foreground  routines.  It  is  m-cessary  that 
;ill  foregi-ound  routines  complete  e.xei’ution  and  control  ri'vert  to  backgi'iHinil  prior  to 
the  oeeurrenci'  of  the  next  Ml  11/  interrupt. 

1 .'it: 


LOC (HEXI 


SUBROUTINES 


CONSTANTS 


SIMULATOR 


NVBKG 


FRESH 


= 20  OPEN 

= 12  OPEN 


OVERLAY 


* 260  LOCAT  IONS  ST  I L L OPE  N 

*2000  LOCATIONS  AVAILABLE  AFTER 
DELETION  OF  SOFTWARE 
INTEGRATION  AIDS 


} OPEN  * 69 


I'imiri' 72.  IUmkI- Only  Mi'niory  riili/alion 


LOC (HEX) 


ALLOCADON 


EXT  INT  POINTERS.  FAST  CYCLE  TEMP  STORAGE 
LOW  CORE  TEMP  STORAGE  - START,  NAV,  CAL 


DEBUG  PROGRAM 


DEBUG  TEMP  STORAGE 


( = 1200  LOC  TOTAL) 


t 

(LOADER  PROGRAM) 

1 

DATA 

TERMINAL 

MEMORY  (612  LOC) 

SEU  INPUT /OUTPUT 

ALU-BTU  ETC 

uuivi  , 1 

INPUT/OUTPUT  (HPIN-HPOUT  ETC) 


NAV  TEMP  STORAGE 
CAL  TEMP  STORAGE 
(448  LOC  TOTAL) 


SIMULATOR  TEMP  STORAGE 


THERMAL,  ACCELEROMETER  & 
GYRO  COMPENSATION 
PARAMETERS  (CAL  DATA  INPUT) 


EAROM 


EAROM  GROWTH  AREA 


D'^NAMIC  STORAGE 


I'igiirc  ?:). 


Hia(l/\\’iiU“  iMrmorv  ITili/alion 


I 
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TAHl.K  40.  1{1;AI)-()N  I,Y  MKMOHY  KK MKNTS 

I'l  N('  l l(  »X 

NO.  OF  I.OCA'l'IONS 

17.S 

Interrupt  I’roi'i'ssitij; 

1 ,itik:t^;e 

1 1 

Uiotti.il  ioti  1 fi^i^er  Abort  • 

at; 

til  11/  Jv-  l)i  serete  1 ( ) 

101 

I 'ust  C'  vele  {':t  Icitlttl  ions 

r,(i7 

lll'liioti,  I'rinter,  ('l)l  1 ( f 

20s 

lOttil  Interritpl  I’tvteessiti” 

;i7o 

Sturt 

Driver  Sec'tion 

21s 

l u-^t  Wtirtnttp  & Sure-St:trt 

17 

Systetii  Cheeks 

171 

/-('oil  lli'ttt 

211 

Suspend,  Desuspend 

72 

Churnc  Monitor 

Spin  Motor  Commttnd  Ol’Isi’t  Cul 

01 

D(— (luitss 

01 

Spitutp 

10  1 

I’olhode  Datnp 

1 12(; 

I'etiiperutu re  St:tbili/:ition 

lls 

Stundliy  S.-  N:tv  lniti:ili/,;ttion 

10 

St:irt  Subroittines 

2.-)  1 

Totul  Stu ft  I 

270!» 

Cttlibrution  Du(;t  Collect  ’ 

Cal 

Aliiiii  & Nuvi^ttte 

2ss.") 

Digital  (tutpitt  Data  Fast  Uel  resit 

;;2o 

Math  and  Ctility  Sitliroutines 

'.too 

liac-k>;found 

St.art  Haektifoitnd 

101 

N'a\'  Htiekuround 

;!  17 

C:tl  Hac-kt;roitnd 

• t 
.t 

Simuhttor  Debitj;  lankane* 

ll! 

Cheek  Sttni 

2r) 

I ( ) I-ofrie 

is:i 

Thermal  Cont rol 

a 2 

lUTK 

loti 

lOtal  liaekfiround 

1 lO.'t 

Constants 

of)*! 

Simuhitor' 

1 aOil 

Zero  Memory  lloutine* 

11 

Total  Csed 

12011 

Still  < )pen  1 

211 

1 OUtl  Mi'inory  1 

122SM 

1 

rile  majf>r  portions  ol  tliese  lunctions  will  not  be  reiiuired  in  ;tn  operational 

riiftht  |)rof;r;»m 

riu’  cxci'ution  linu'  |•^'<|ui r(‘(i  lor  t'orcuroiind  (Icpciifis  on  the  mode  of  the  |)rof;ram. 

1. slimnti  s wore  oblaiiird  for  ft>i‘i'^round  oxcciilion  time  as  a fuiulion  of  mode.  'I  hcsc 
< slimal('S  a)-r  picscnl c*!  graphically  in  I'iKurc  71  and  l iunrc  To. 

2.  1.2  Ti  si  Station  Software  • 

Test  Station  Siftwarc  is  used  in  intef>  ration,  ealihralion,  and  diagnosis  of  the 
1 I’M  sensors,  and  for  aiding  l)l*>  soflwari'  devido])menl.  In  ealihralion,  the  test 
station  soflwari'  eonliols  the  automatic-  tilt  table,  sef|Uenees  tin-  eollcetion  of  data, 
monitors  data  reasonableness,  stores  and  identities  the  data  on  magnetic  disk  liles, 
estimates  tlv  ealiliration  eonslanls,  formats  the' constants  for  lil’M  scaling,  and  sends 
tin  calibration  constants  back  through  the-  data  link  for  slortige  in  Kl’M  memorv.  All 
ol  tin  operations  in  this  "standard"  sc-f(uenee  of  system  calibration  are  controlled  by  a 
special  interactive  progi'am  ealU-d  the-  Straixlown  .System  .Monitor  (SSM).  The  SSM 
progi  am  is  designed  to  interface-  with  the  test  station  opc-rator  in  plain  Kngiish,  so  that 
the  opei-alor  does  not  have  to  know  how  the  Test  Station  Computc-r  opc-rates,  Tlu-  li-st 
station  operator  can  perform  tlu-  entire-  .system  calibrtition  with  several  commands  in 
Kngiish.  I'he  SSM  program  for  K.SC’i  calibration  had  bec-n  dc-veloped  undc-r  IHitI)  funding. 
Tlu-  following  tasks  wc-re  c-omi)lc'ted  under  this  contract; 

1.  The  Kl’M  Calibration  .Mode-  mt-chani /.ation  for  tlu-  Dl’K  was  di-vclopc-d 
and  clu-c-ked  out  on  tlu-  Ti-sl  Station  com|)Ulc-r. 

2.  Tlu-  i-i-ror  c-ompensation  modc-ls  for  tlu-  KStl  were  changc-d  to  the-  "Y-le\  i-l" 
angle-  re-adout  mcxie-l  and  "K-7.i"  drift  mexie-1. 

2.  The  "f  ast  Triangular  S(|uare--l{oot  ,Me-c-hani /.ation"  of  N.  A.  Carlson 
(He-f  (i)  was  succ-e-ssfully  applied  to  e-slimation  of  KSCi  angle-  re-adout 
e-ompcnsalion  parame-le-rs. 

1.  Calibration  software-  w-as  me)difie-d  to  acceuint  for  the  unif|ue-  se-nseir  meuinting 
attitufle-s  in  KPM,  and  tei  use-  the-  ne-w  inte  rface-  l.ee-twe-cn  the-  te-st  station 
c-om|)ule-r  and  K I’M. 

a.  Calibration  seeftware-  w-as  de-ve-lope-d  for  foi-m;itting  and  sc.-tling  all  c-ali- 

bi-atiem  ce)nstants  and  ge-ne-r;iting  the-  pune-he-el  tape-  for  lo.-iding  l-il’.M  me-me)r\-. 

ti.  Diagnostic-  softwai-e-  was  fle-ve-le»pe-d  for  using  the-  II1’2100  to  inte-rf:ice-  with 
Kl’M  via  the-  l.o.'j.'lA  l)al;i  lUis, 

7.  Diagneistie-  softw-are-  for  an:il\si.s  of  K.S(',  noise-  w'.-is  mexlifie-d  for  Ihe- 
configuration  of  the-  lll’2100-te)-Kl’M  inte-rfac-e-. 

«.  Spe  cial  elata  colle-c-tion  and  plotting  pieigrams  for  eliagnosis  i-e-al-time-  Kl’M 
rlata  we-re-  de-ve'lo|)e-el  anel  iise-d  in  supixert  e)f  1-d’M  te-st ing. 

y.  A ne-w  asse-ml)le-r  and  linking  loade-i-  we  re-  de-velope-d  feir  supixH  ting  INS 
software  de-ve-lopment,  and  a jerogram  which  translates  from  the-  "old" 
assembly  l.'inguage  to  the-  "new"  language-  was  de-ve-lope-el. 

The-  backgi-e>unds,  apiii-eiaclu-s  and  results  of  e-ach  of  the-  numl)e-re-d  tasks  are- 
pre-scnte-el  scparate-ly  in  the-  re-spective-  subse-ctions  be-low. 


KiO 


R1  (FASTC)  INTERRUPT 


I'igure  74.  Start  .Mode  I'oreground 


1 i'.l’M  CiilihrMtioii  MiH'liaiii/atioii 


J . I . J . 

2.  t.  J.  1.  1 IVu'kurDiind.  I'lu-  aiifjli'  readout  information  for  the  MKSC  is  (k!rived 
from  till'  deliberate  radial  mas.s  unbalanee  of  the  rotor.  This  information  is  priasimt 
in  the  sus|iension  serio  error  sifjnals  as  fundametital  harmonics  of  the  rotor  spin 
frequency,  and  it  is  extracted  by  demodulation  of  the  sus|)i'nsion  sio'vo  error  signals. 

In  order  to  "aieratji'  out"  certain  errors  in  this  information,  the  demodul.'itor  refer- 
ence signal  fre(|uencies  are  pui’iiosi'ly  displaced  .l.tist;  11/  from  the  rotor  spin  fre- 
(pieiicy.  The  output  information  is  then  varying  sufficiently  slowly  (at  o.O'sf;  H/) 
that  it  can  be  cotnerted  to  difiital  information  and  used  in  nai  ifjation  mechani/ation  as 
though  it  were  "dc"  information.  Ki’ror  mechanisms  which  cause  smtill.  zero-mean 
errors  at  the  first  and  second  harmonics  of  "slip  frequency"  (."i.Ost;  Hz.)  are  "averaiicd 
out"  in  the  n;ivi)t;ation  mechaniztit ion  (which  behaves  like  a low'-|)ass  filter  with  an 
■'l-minute  period!.  This  is  the  reason  for  usins  the  slip  freiiuency  in  the  demodulator 
ouqnits.  It  is  important  to  keep  this  slip  frequency  constant  to  within  about  0.01  Hz. 
however,  beeause  there  are  other  error  mechanisms  which  an?  sensitive  to  the  value 
of  the  slip  fri'quency. 

It  is  important  to  sampli'  the  d;ila  which  will  be  used  for  anule  calibration  under 
the  same  slip  fre()uency  conditions  that  will  exist  durinji  alignment  and  na\if;;ition. 
Ilowevi'r.  it  is  neci'ssary  that  the  zero-mean  noise  levi'l  in  this  f’eneric  data  be 
ri'duced  by  smoothing.  (In  order  to  reduce  the  levi'l  of  bi;is  errors  signifietintly  below 
the  level  of  the  zero-mean  noise,  it  is  necessary  to  reduce  thi'  li'\el  of  noisi;  in  the 
data  that  will  be  used  in  estimtitii’i;  thi'  biases.) 

i^moothinn  of  this  "slipping  fre(iueney"  data  is  accomplished  by  doinn  real-time 
fourier  fitting  of  the  data  to  "cosine"  and  "sine"  components  of  the  fundamental  phase 
of  the  outinit  information.  The  fidelity  of  this  filtering  tilgorithm  is  extremely 
sensitivi'  to  errors  in  the  assumed  slip  fre()ueney.  In  order  to  overcome  this 
si'nsiti\ity.  a real-time  estimator  of  the  output  phase  is  included  in  the  smoothing 
algorithm.  This  phasi*  estimation  algorithm  uses  the  ziTo-crossings  of  the  output  data 
as  a me.'isurement  of  phase  (by  inti;rpolating  betwei'n  samples  bi'fore  and  after  a zero- 
crossing),  and  uses  a simi)le  kalman  filter  mechanization  for  simultaneously  estimat- 
ing slip  frequency  and  instanlani-ous  i)hase.  The  slip  fnaiuency  estimate  can  then  be 
used  to  apply  control  (by  ch:inging  the  demodulator  refei'ence  frequency)  to  maintain  the 
slip  fre(|uency  within  the  required  bounds.  On  the  systimi.  the  quantization  level 

foi'  demodulator  freituency  I'onlrol  was  sufficiently  fine  that  this  control  loop  could  be 
made  very  "sluggish"  (rotor  freciueni^v  is  also  \ ery  sluggish)  and  be  iterated  only  every 
l.'i  seconds. 

In  the  Kl'M  systi;m  design,  it  was  jiossible  to  reduce  the  life  cycle  cost  per  sys- 
tem by  relaxing  the  tolerance  on  the  demodulator  output  filters  (which  tightened  the 
tolerance  on  sli))  freiiuency),  using  fewer  bits  input  to  the  demodulator  reference 
frequency  generator  (which  tightened  the  requinmients  on  the  friiquency  control  Idoji) 
and  making  up  for  it  in  the  softw.'ire  mechanization.  It  was  then  necessary  to  move 
the  demodulator  freiiuency  control  mechanization  into  the  "fast  cycle",  where  it  could 
be  iterated  (14  times  per  second. 
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A iii-u  nii'fh;uii/;iti<)n  u;is  di'Nc'loiicd  Tor  d('ni<)(hil:d()r  fri'ciurncv  control  under  the 
N'77  )iro^r;nii.  Ilnthei-  thnn  iisi'  /ero-crossiiiKs  to  estimate  phase;,  it  ^;enerat(;s  n 
fictional  "MI'M"  vi-ctor  that  is  rotating!  at  precisedy  o.osti  U/.  I'he  dot  product  of  the 
samph'd  MI’M  vi-ctor  "alitli.a"  with  the  fictional  vector  is  us<;d  as  an  error  si^niil  in  >'t 
conti’ol  loop  that  slave's  the  sampli'd  Mf.M  ve'ctor  "alpha"  to  be'  perpemdicular  to  the; 
fie  tion.'il  MI'M  ee'e-toi'  anil,  e'onseepie'ntly.  phase-loe'Ue'd  to  it. 

The  zero-crossing  algorithm  can  still  be'  use'd  for  the'  d;ita  smoothing  aln'oi’ithm, 
exe'e'pt  that  it  no  lonj^e'i"  applies  control  tei  the'  de'modulalors.  This  alucrilhm  was  used 
foi’  X77  e-alibrations.  and  gaee'  re'sults  e'omjea rabli;  to  .\.77A  perfe)rmance'. 

The'  Kl’M  svstcni  software;  is  de'sinne:d  so  that  all  re'al-time;  functions  which 
re'quirc  precise'  timing  with  re'spe'ct  to  the  instrunu'nt  outputs  will  be  done  within  the 
DIM'.  This  conee'iilion  simplifie'S  the  te'St  station  software  re;(|uire'ments,  and  makes 
the'  te'St  statie)!!  software'  more;  ee'i'satile  and  adaptable'  to  diffe'rent  com|)uter  syste;ms. 

It  also  nu'ans  that  the'  re'al-time'  smoothing;  for  calibration  must  be  done  within  the 
DIM'.  If  the  N'77  smoothiiif;  .aljte)rithms  we're'  use'd  for  this  purpose;,  there  would  be 
twe)  inde'pcnde'Ut  alttorithms  e'stimatiiif;  the'  same;  thinj;  tdemuxlulator  phase). 

2.  4. 2.  1.2  Approae  h.  A ve'rsion  e)f  the;  N'77  "fast  cycle"  foreground  program 
was  modifie'd  so  that  the'  deunodulator  ceaitrol  phase  error  signal  was  added  to  the 
w hole'-value'  phase'  of  the'  fictitious  MI  .M  ve'ctor.  and  this  phase  angle  for  each  eef  the 
two  gyros  was  passed  through  common  for  use;  in  calibration  data  smoothing.  A 
separate  program  was  de'\e'le)pe'd  for  calibration  data  sme)othing.  This  pre)gram  uses 
the'  Instrument  Status  Word  dSWD)  conve-ntion  of  the;  KPM  mechanization  to  be;  able;  to 
use  onlv  one  g\  ro.  (The'  N'77  me'chanization  would  "hang  up"  waiting  for  a zero- 
crossing from  the'  output  of  a missing  gyre).)  It  ])icUs  up  the  api)roi)riate  demoelulator 
(ihase's,  e'ompute'S  the  associated  sine;s  and  cosines,  accumulates  the  ap])ropriate  sums 
of  products  of  the;se'  eiuantities  with  the;  rlemeeelulator  outputs,  and  does  the  timing  con- 
trol to  achieve'  the'  re'cpiire'd  level  of  smoothing.  It  alse)  |)reserves  the;  sums  of  data 
n('e;de‘d  for  de-te'rmination  of  demodulator  output  dc  biases.  This  program  simulates 
the  re'al-time  function  of  the-  Kl’M  "Calibration  Mode"  i)rogram  on  the  N77  system. 

A se'parate;  se't  of  programs  was  developed  feu’  forming  the  approiu’iate  matrix 
inversions  and  products  for  determining  the  smoothed  "Fourier  ce)efficients"  for  the 
data,  and  for  fornuitting  and  storing  this  data  in  the  calibrtition  data  files.  These 
programs  were'  use'd  for  KPM  te'St  station  software' during  calibration, 

2.  4.  2,  2 Calibratie)!!  MckIcI  Changes 

These'  se)ftware'  modifications  include'd  the'  imiile'me'utation  in  the’  calibration 
pre)grams  'of  the'  elrift  ce)m|)e'nsatie)n  meede'l  which  was  ele'signate'd  "I\le)de'l  K-YH"  tind  the 
angle  re'aelout  e'rreu'  me)ele'l  which  compe'nsate's  for  se'rvo  sensing  :ixis  misalig-nme'tits, 
e tc  at  the'  "\-le'Ve'l.  " 

The'  ne  w drift  compensatie)n  me)de'l  was  de  signate  el  "M  xle  l K-TH"  because  it 
includes  Ihre'e'  ne-w  i)arame'le'rs,  llu'  ne'e'd  for  which  was  first  e)bse'rve'd  e)n  N-73  (KPM). 
The'  cause'  for  the'  associate'd  drift  rate'  has  subse'((ue'ntly  be'e'ii  Irace-d  to  a coui)ling  among 
the'  thre'e'  se'fve)  channe'ls  e)n  eine'  hybrid  nuKlule'  (the'  Neitch  l ilte'r  hybriel).  A ele'Sign 
change  has  be  e n ele've  lope'd  and  te  sted  fe)r  e limination  of  the'  coupling,  lleiweve-r,  the 
8e)ftware'  change'  ce)mpe'nsate'S  the'  re'sulting  drift  rale's  ade'e|Uale'ly. 
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MikIcI  iiuxiiti(  :itioiis  were  inipli  iiicntcfl  in  the  INI  nnd  Tcsl  Slnlioti  S<)l(w:i it  as  a 
iTSiill  i»r  an:il\sis  and  nu>d(  llinf;  ol  dnill  rail'  errors  olisers'ed  dnrin};  i-alibration  and 
na\  ii;ation. 


The  residual  drill  I'ales  of  botli  lil’M  K\  ros,  after  removal  of  calibrated  effects, 
were  unusuall\  lar'^e,  I'lie  rms  magnitude  of  these  residuals  was  0.02  1 dejr  hr  per 
axis  on  Cix  ro  Xo.  1 and  0.002  de^  hr  pi'r  axis  on  Co  to  No.  2. 


The  patterns  of  residuals  are  shown  in  I'ij^ure  7<i  for  (iyro  No.  1 and  l•■iJ^U|■e  77 
lor  ( is  ro  No.  2.  In  tiu  se  figures,  the  i-esidual  di’ift  rales  are  represented  b\  arrows 
drawn  on  a sphere.  The  arrows  rejiresent  the  di  rei'tion  in  which  the  I'otoi'  spin  axis 
would  move  as  a result  of  residual  drift  rates  (the  liSd  rotor  is  not  lor(|Ued),  and  the 
magnitude  of  the  arrosv  is  related  to  the  ma<>nilude  of  the  drift  rate  bv  the  scale  shown 
on  till'  figures.  The  octants  on  the  spherical  surfaces  represent  the  suspension  elei-trodi 
surfaces  ot  the  KSCi,  with  the  KS(I  X-Y-Z  axes  oriented  as  shown  on  the  fifiure.  The 
tail  of  each  arrow  (representing;  a drift  rale)  is  at  the  loi'ation  of  the  spin  itxis  (with 
respect  to  the  liSti  electrodes)  at  the  lime  that  the  drift  rate  was  observed. 


Thi'  obsei'xed  pattern  of  residuals  was  analyzed  to  detei  minc  its  functional  form 
aniji,  if  possible,  its  physical  cause.  In  general,  the  pattern  of  arrows  is  away  from  the 
axis  toward  tlu'  Y axis,  and  has  maximum  value  halfway  between  the  two  (i.  e.  , near 
the  X-V,  ))lane  of  the  figure).  The  functional  form  of  this  iiattern  is 


V X 


where 


N is  a unit  vei'lor  paralU'l  to  the  rotor  S|)in  xxis 

V is  its  lime-rale-of-change  (=  the  arrows  in  the  figures) 

1’  is  the  associated  calibration  i)ai-ameter 

This  functional  form  had  been  identified  in  earlier  drift  modelling  studies  as  being 
due  to  causes  which  exchange  energy  between  the  rotor  and  its  environment,  such  as 
non-uniform  magnetic  fields  or  suspension  servo  characteristics  at  rotor  spin  frequency 
Previously,  no  significant  drift  rates  had  bei'n  obsi'rved  with  this  functional  form. 

.Some  experiments  were  conducted  to  measure  the  ambient  magnetic  fields  in  the 
vicinity  of  the  KSC's  and  to  see  whether  the  observed  drift  rates  were  affected  by 
rotation  of  the  lAT  with  respect  to  the  KPM  housing.  It  was  concluded  that  the  magnetic 
fields  in  the  lAP  were  close  to  natural  levels,  and  that  the  observed  drift  rates  were, 
indeed,  fixed  with  res[)ect  to  the  lAP.  This  means  that  the  drift  rales  observed  during 
calibration  (when  the  lAP  is  not  being  rotated)  will  be  the  same  as  those  experienced 
in  n.'ivigation  and  alignmi'iil  (when  the  lAl  is  rotati'd),  C’onsi'quentlv,  the  drift  rales 
can  be  calibrated  and  compensated,  bv  a|)propriale  changes  in  the  test  station  sollware 
and  INS  software. 


rhi(  (■  c.il  il)  rat  ion  c-ocITici  cnts  (I’.'jf;,  I’;j7  and  vvci-c  added  lo  the  drill  rate 

nuMlel.  The  new  nuidel  ( Drill  Model  K7I5)  is  shown  in  Table  |1. 

The  residual  drift  rates,  after  c-al  ibration  with  Drift  Model  K7.‘i,  tire  shown  in 
Tieiires  7s  and  71)  for  (i\ro  No.  1 and  No.  2,  resjieet  i\  a 1\  . The  respective  rms 
nia^nitiides  a I’e  0.  OOS  and  i).  Oil  dee  in-  po-  nxis.  'The  drift  compensation  software 
in  the  INS  was  then  nu>dified  to  use  the  K7.'l  Di'ifl  Model  with  the  dei'ived  parameters. 
As  a la  sult,  the  di-ift  r<at<'S  observed  durine  muinalion  were  then  reduced  to  thi'  levels 
olisi  r\ ed  in  the  cadibralion  residuals.  It  was  ol)Sei’ved  that  the  values  of  the  three 
"m  vv"  drift  parameters  obtained  bv  calibration  vvei’c  identical  in  si^ii  and  of  almost 
tin  same  magnitude  on  all  eyiavs  that  vveia  calibrated  in  TiPM. 

1 he  phvsieal  catise  for  the  new  drift  erroi'  models  has  l)een  found.  In veslijralion 
of  the  suspension  S(  rvo  electronics  reve.aled  that  about  8 percent  of  the  input  "X-axis" 
servo  input  signal  (called  the  ".Ml  .M"  signal,  for  "Mass  ( nbalance  Morlulat ion"|  is 
coupled  into  the  'A  -axis"  servo,  and  that  8 percent  of  the  'A'-axis"  servo  input 
siiinal  IS  coupled  into  the  "/-axis"  Servo.  The  funediontd  form  of  the  resullinf;  fl rift 
rat<  s (as  a tunclion  of  spin  axis  direction)  cont.ains  a term  proportional  to  MPM- 
maenilude-spuared  and  of  the  functional  foi-m  associated  with  the  new  p.aramelers 
P.'JO  and  P;j>,.  The  fact  that  the  term  is  projxvrtional  to  M P M-ma^ni  lude-sr|ua  red 
explains  the  obsi  rved  variation  in  Pjp;  and  Pjjj^  with  the  mtienilnde  of  the  Ml  .M 
sijinal  of  ih<  relevant  j;yios. 
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r.ililr  n.  1 lllU'l ion.'il  i oiliuihis  lor'  Di'il'l  Model  K7d 
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ORIfT  MODEL  FOR  TIME  RATE  OF  CHANGE  OF  DIRECTION  COSINES  OF  ROTOR  SPIN  AXIS  WITH  RESPE  CT  TO  GYRO  FIXED  COORDINATES. 
DUE  TO  DETERMINISTIC  DRIFTS  IS 
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VECTOR  OF  DIRECTION  COSINES 


VECTOR  OF  SENSED  ACCELERATION 


WHERE  THE  VECTOR  F IS  AS  DEFINED  AlOVE 


THE  UNIT  VECTOR 
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IN  THE  DIRECTION  OF  LOCAL  'EAST"  IS  FOR  COMPENSATING  CALI8RATION  STAND  MISALIGNMENTS 


THEREFORE  THE  13TH  MODEL  TERM  IS  NOT  USED  IN  COMPENSATION  DURING  NAVIGATION.  ETC 


riulcr  thi^  l:isk.  the  i-oinpciisMliini  pro^irMiii  \s:is  modil'icd  ;uid  iiitcunitcd 

into  till'  dfilt  Old  ihrnlion  pronfnm.  (I'hc  dfil'l  dntn  imist  bo  coni  pen.'- nlod  for  nnulo 
ro.'idoiit  orroi'.^t.  Al.'-o.  the  iil)-pron rnni  for  ooni piilnlioii  of  tlio  monsiiromoiit  soiisi- 
tivit\  nintrioo.'-  for  the  1\TH  niodol  w.i.'-  modified  from  the  speei:di/.ed  version  used  in 
derivntion  of  the  model,  niid  this  wns  inte^rnled  into  the  drift  enlibrnlion  prournm  nnd 
cheeked  out.  This  s.'ime  s ub-proj; r;im  u :is  inleurnted  into  the  nn^le  e:d  ibrnlion 
pro^rnm.  It  is  used  for  eompensntinit;  the  determ inistie  nvro  drift  durint;  the  time 
inbout  1-1  2 hoursi  thnt  d;it:i  n re  lieinn  snmpled  for  nnule  enlibrnlion.  Both  enlibrn- 
lion prog,rnms  were  then  cheeked  out  nnd  verified  l)\  eompnrison  of  eompensnlion 
residunis  from  enlibr.ntion  dntn  uhii'h  hnd  been  eompeiis.'ded  inilependentiv  with  the 
"old”  models . 

L’.  C’h.nnue  the  M eehnui/ntion  for  Kslimnliii);  .Xn^le  Hendout  (’ompeiisnliou 

f'nrnmelers 

”.  1.2.."..l  H.-iek^rouiid.  Heenuse  the  MbSti  is  n "w  hole-niinle"  instrument,  the 
nnule  rendoLil  liinses  must  be  computed  ns  fuiic-lions  of  the  whole-nnule  rendoul.  This 
funetionni  reintionship  is  nppro.ximnled  b\  n vi'clor-vnl tied  pol\nomi;d  with  .■)(>  pol\- 
nominl  eoeffie ienls . These  nre  the  oCi  indepi'udent  pnrnmeters  Ihnl  ;ire  used  in 
eompi'iisntinji  the  .-ingle  rendout  bi;ises  of  the  MliSti.  Simullnneous  eslimnlion  of 
.")(i  pnrnmeters  is  n formidnble  eom|)ul:tlion;il  problem.  Tinrlier  nltempts  to  meehniu/e 
this  with  n Knimnn  filter  in  is-bil  flunling-|)oinl  nrithmelie  were  unsuec'cssful.  The 
eovnrinnee  mnlri.x  beenme  non-positive  defitdle.  nnd  the  estimnlionnl  .■leeurney  went 
awn . 


.\  method  which  did  prove  sueeessful  for  the  com pulnlionn  1 problem  w:is  n 
lensl-s(|u;ires  solution  using  t'holeskv  decomposition  of  the  augmented  m;Uri.\.  This 
is  n c'onnuilnlional  procedure  for  solving  nn  overdelerm ined  s\slem  of  linear  eiiuntions. 
The  least-squares  problem  for  angle  ealibr.'ition  can  be  posed  in  general  terms  as 
that  of  miiumi/ing  the  vector  magnitude  squared: 

I'.Nx-bir 


w here 


x is  the  oii-rowed  column  vector  of  calibration  constants  (to  be  determinedt 

b is  the  Ign-i'owed  column  vi'clor  of  calibration  data  measurements 

.\  is  a 1 L’O-by-.^ii  matrix,  com|)osed  of  (.'omiiuted  measuri'menl  si'itsilivily 
mnlriees 


t'holeskv  decomposition  consists  of  forming  the  nuitrix  product 


|.\lb|  ‘ l.\lb) 
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and  taking  its  upper-triangular  scpi.-ire  root.  It.  That  is.  It  is  an  upper  triangular 
m;ilrix  (no  non-/ero  terms  below  the  main  diagon.'di  and 
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( I he  lor  cotii puling  H is  (‘IliciciU.  It  rcciuircs  in  the  order  of  r)Oil  nuilliplies, 

wherens  ihi'  product  of  two  .lii-hv-ofi  tii;Uric('s  takes  ITo.Cihi  multiplies.  I It  turns  out 
that . I)\-  pa  rt  it  ioninn. 
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i.i  I z 
0 . s 


w here 
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•x  z 


and  "s”  e(|uals  the  rss  rt'sidual  compensrttion  error  resulting  from  the  estimate  of 
"X"  (the  c’alihration  parameters).  The  malri.x  scpiare  root  and  the  inversion  of  the 
upper-trianp:utar  matrix  each  re(|uire  in  the  order  of  aOO  multiplies  and  adds. 

This  is  cons ideral)l\  fewer  operations  than  the-  Kalmiiii  mechanization  reejuires.  I'his 
ma\’  l>e  the  reason  that  the  f’holesk\'  di'compos ition  method  is  computationally  more 
stable  for  this  application. 

.Another  advantage'  of  the  Cholesky  decomposition  (and  one  that  was  particularly 
important  during  developtiK-iU  of  the  an^rle  readout  compensation  modeds)  is  that  the 
"z"  vector  I'orresponds  to  the  calibration  coefficic'nts  with  rcspc'ct  to  a (’>ram- 
.^chmidt  orthonormalization  of  lh('  individual  model  terms.  That  is,  the  units  of  the 
z-coefficienls  are  in  radians  of  rss  compcnisation.  the  total  rss  compensation  is  the 
HSS  of  ,all  these  eo<'fficdents , and  th('  Kth  coefficient  re|)res(>nts  the  marginal  rss 
compens:ition  resultinf>'  from  addiiift  the  Kth  model  term  to  the  "composite'  mode'l" 
of  the  previous  (K-1)  model  terms.  This  type  of  information  is  particularly  useful 
during  model  development  for  evaluatinf;  the  relative  compensation  afforded  by 
candidate  model  terms. 

Besides  the  .ab  model  paramete'rs,  there  are  four  other  parameters  whic'h  must 
b<'  determiiK'd  during  angle  c.'ilibratioiis.  I'wo  of  these  |)arameters  are  bias  errors 
for  the  intermediate  axis  of  the  prc'cision  tilt  table,  because  the  vernii-r  readouts  on 
two  setting  positions  of  this  axis  are  not  sufficiently  accurate  and  must  be  estimated 
from  till'  data.  I'he  othc'r  two  par.'imeters  define  the  inertial  posititni  of  the  spin  axis, 
which  must  also  be  estimated  from  the  data.  However,  due  to  drift,  this  direi'tion 
does  not  rc'inain  constant.  One  drawback  of  the  least-sciuares  approach  is  that  it  has 
no  provisions  for  optimal  estimates  of  non-constant  parameters. 

I'he  method  that  has  bc'en  used  for  "opi'ii-loop"  updating  the  estimates  of  the* 
inertial  direction  of  the  spin  xxis  is  to  repeat  a tilt  table  orientation  occasionally,  so 
that  the  acc'umulated  drift  since  the  last  repetition  of  tin*  orientation  can  be  measuri'd 
directly.  However,  no  attemjit  is  made  to  infer  the  time-history  of  drift  bi'twei'ii 
repeatc'd  orientations.  As  a result,  variations  have*  been  observi'd  in  the  I'stimated 
paranu'ters  with  different  methods  of  drift  compensation. 
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riic  Knlnian  filler  i)ieeli;iniz:itii>n  w ilh  stale  veetoi'  (l\  n:miies  is  the  eorreet 
model  for  protdems  of  this  tvpe.  U lias  provisions  for  allowing;  "drift"  of  stales  that 
are  heint;  I’stimaled.  The  prohlimi  is  to  overcome  the  eomputalional  errors  that 
make  till'  Kalman  eovarianee  matrix  meaningless.  Scpiare-root  filtering  is  fiinetionall v 
efpnvalent  to  Kalman  filti'rinn,  and  tin-  Carlson  algorithm  for  eovarianee  update  is 
I’xeeptionallv  effiei<’nt  in  redueing  tin-  number  of  eompuU  r operations  whic-h  erode 
aeimraev.  I'he  Carlson  algorithm  had  been  programmed  for  tin-  drift  calibration 
|)rogram  undi-r  an  IHkDtask  in  Company  Fiscal  Year  I'.lTli,  and  programmed  for 
eovarianee  analysis  of  angle  readout  errors  unrier  Chase  ‘2A.  In  bf)th  eases,  no  com- 
putational problems  were.'  imeountered. 


2.  1.  J.a.g  Approac-h.  A Kalman  filler  model  for  the  angU'  ealibralioti  process 
uas  developi'd  to  include:  (1)  random  drift  of  the  spin  axis  direction,  and (2)  residual 
unmodeled  angle  readout  errors  in  ;iddilion  to  angle  readout  noise.  I'he  random  drift 
is  moiieled  bv  adding  "process  noise"  variance  to  the  vari;inees  of  the  two  stales 
wnieh  model  the  uneerlainl\  in  the  true  tiireelion  of  the  s|)in  :ixis.  That  is. 

■>  f •>  ■> 


w here 


’) 

is  the  variance  of  net  drift  rate-  between  the  (ntth  and  (n-  I )th  samples  of  angle 
calibration  data 

t is  the  lime  at  which  the  (nith  sample  is  r<'ad 
n 

•> 

a~ . is  the  vari:inee  of  the  uncertaintv  in  the  (ilth  eom|)onent  of  a unit  vector 
' along  th('  rotor  spin  axis 

I'he  basis  directions  for  components  of  the  rotor  spin  axis  are  chosen  so  that  the  fir.st 
two  components  are  normal  to  tlu-  nominal  direction  of  the*  rotor  spin  ;Lxis  and  the'  third 
component  is  parallel  to  the  nominal  direction  of  tlu“  rotor  spin  axis.  Because  the  spin 
axis  direction  is  rc-presentc-d  by  a unit  vc'ctor,  the  first-variation  of  the-  third  component 
with  respect  to  spin  axis  dirc'ction  is  zero,  Conseciuently , the-  first  two  eom|ioncmts  are 
suffictent  for  characterizing  the-  problem. 


In  order  to  mechanize  this  model  as  a scpiarc'-root  moclct,  it  is  important  that 
the  stales  w ith  process  noise*  be*  the*  first  c'lements  of  the*  stale  vc'ctor.  Ihis  is  so  lh;it 
the  "rss"  :ilgorithm  for  adding  proec-ss  noise  to  the*  sciirire  root  of  the*  eovarianee 
malri.x  can  be  made  more*  c'ftieient.  1 hat  is,  if  the*  up|)er  triangular  sc|uare  root  ol 
the  eovariati,  e matrix  e;tn  be  partitionc'd  as  show  n below: 

A H 

(lie 

so  th:ct  "A"  is  the  scpi.-ire  root  of  the*  eov:iri:inc‘c'  matrix  of  the*  stales  with  proec'ss 
noise,  .and  if 


1) 


(upper  triangul.ar) 


noise  eovnrianee,  then 


where  1\  is  the  process 


I) 

It 

( ) 

c 

is  the  upper-trian^iilnr  s(|uare-root  of  the  c-ovarianee  after  addinu  process  noise. 
That  is. 
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Ifv  has'inj;  the  states  w ith  process  noise  in  an  uppoi-!eft  sul)-niatri.\,  one  can  avoid 
iiavitig  to  sipiare.  add  process  noise  covariance-  and  take  the  s{|uare-root  of  all  but 
till-  affected  up|)er-left  sub-matrix.  In  this  case-,  the  upper-left  sub-matrix  is 
dimensioned  two-by-two.  Ihe  algorithm  for  adding  process  noise  in  this  case-  can 
be  simplified  to  the  follow  ing  eciu.'ttions 
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where  "Ajj”  lh<-  element  in  the  (i)th  row  and  (j)th  column  of  the  uppe-r  triangular 
s(iuare-root  of  the  covariance  matrix  of  state  unct-rlainty . 


The  reason  for  wanting  to  tre.it  angle  readout  noise  separately  from  unmodeled 
angle  readout  bias  errors  is  to  be  abh-  to  use  this  extra  piece  of  information  w hi-n- 
ever  a calibration  sample  is  repeated.  W'hetu-ver  a calibration  sample  is  repeated, 
the  unmodeled  angle  readout  bias  errors  for  that  samph-  will  also  bi-  ri-peated, 
whereas  tin-  angle  readout  noise  error  will  not  be  repeated.  I'hi-  rms  magnitude  of 
unmodeled  biases  is  in  the  order  of  0.  Of)  milliradians  per  axis,  and  the  rms  noise 
is  in  the  order  of  0.01  milliradians  per  axis.  Consequently,  whenever  a sample  is 
re|H-ated,  the  accumulated  drift  siiu-e  tht-  sample  was  last  taken  should  be  deU-rminable 
to  w ithin  the  level  of  the  O.Ol  mrad  noise.  If  the  unmodeled  biasi-s  error  for  a repeated 
sample  are  included  as  state  variables,  then  these  can  be  estimated  also.  This  model 
is  a true  re|»resentation  of  the  physical  situation  during  angle-  calibration,  and  it 
re-moves  the  corre-lation  that  would  otherw  ise  exist  betwe-en  the-  measurement  errors 
on  re-pe-ate-d  samples. 
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Aftti:tll\  . thcfc  is  only  one  s.'ini|ilc  tli.'it  is  fcpcatcd  lhfoti(;h(iiit  the  data  collection, 
Init  thiM'c  arc  sc\ci-al  samples  that  arc  la'pcatcd  once.  The  sample  that  is  rc|)catc(l 
more  than  once  is  with  thi'  rotor  spin  axis  nominally  in  the  center  ol  the  No.  1 
siisiK  iision  I'leetrode.  The  other  rcpe.atcd  s.amph's  occur  w hen  a scries  o)  samjde.s 
are  taken  In'twecn  constant  increments  ol  the  an^le  sc-ttinn  of  thi'  innermost  tilt  table 
rotation  axis.  In  these  eases,  the  last  sample  is  taken  after  a I'omiilete  rotation  about 
the  rot.ation  axis,  .and  is  ,a  repe.at  of  the  I'onditions  on  the  first  sam|)le  of  the  series. 
These  "rotational  closure  point"  samples  arc  used  only  twice,  and  no  other  reixuatcfl 
samples  are  taken  in  U'twi'en.  t’onse(|Uentl\- . the  states  added  for  all  the  rotational 
closure  points  (Ht’lb  c,an  be  shared  in  the  Kalman  filter.  I'hat  is,  the  two  components 
ol  the  unmodelleil  liias  errors  for  the  first  U(_'l’  can  be  modelled  in  the  filter.  .After 
the  repeat  of  that  HCl’,  the\  can  Ix'  ri'placcd  by  the  unmodcdlctl  bias  errors  of  the 
second  ItC'l’.  'I  he\  can  later  be  replaced  by  the  third,  fourth,  fifth,  etc.  HCP's. 

Kai'h  tinu'  that  the  states  ari'  sw  apped,  the  esti mated  apriori \ alue  must  lx‘  ri-set  to 
zero,  and  the  j-stimated  eo\arianee  must  be  ri— initializml  to  lx-  uncorrelated  with  the 
othei'  states.  'This  co\-ari anim  re-initiali/.ation  is  mechanized  in  the  sejuare-root 
filter  more  efficiimtly  In  puttinj;  these  temporary  KCP  unmodelled  bias  error  states 
next  after  the  two  states  with  proeess  noise.  'I'hen  the  up|X'r  triangular  .s(juari-  root 
of  the  eo\ariani'i‘  matrix  lutn  be  partitioneci  as  shown  below: 


A 

B 

1 C 

i) 

t; 

t) 

i ) 

J K 

wluM-e  till'  sub-matrici‘S  "H",  "D"  and  "K"  contain  the  information  for  the  covariances 
of  the  "temporary  states."  It  mav  be  shown  that,  if  A is  i-eplaced  by  the  uppi'r- 
triangular  sijuare  root 

A « lAA*  Hlf'l  1 ‘ “ 

and 

H - () 

t;  - ( ) 

* 'unmodelled 

Then  the  nssex-iated  cov.ariance  matrix  will  have  been  rc‘-initialized  as  reipiired. 

1 hi'  treatment  of  drift  and  uiunodelled  errors  are  the  only  imxli fieations  needed 
for  adapting  the  sijuarc-root  filter  for  the  angle  calibration  probb'm.  'The  covarianci' 
u|xlate  for  measurements  and  the  state  I'Slimation  update  ust'  the  algorithm  of 
S.  A.  Carlson  dfef  <i). 

2.‘i.2.3.3  Itesults.  '1  he  iipproaeh  deserilx-d  in  the  previous  section  was  cixied 
anil  cheeki'd  out.  The  n-sults  wei'e  verifii'd  on  angli'  calibration  data  that  had  Ix'cn 
procc.s.sfd  by  the  Chole.skv  decom|X).sition  method,  and  the  resulting  parameters  weri' 
compared  to  the  "Choleskv"  parameters  by  the  comparison  progi-am  CMP'/.K.  The 
results  show  agreement  to  within  0.04  mrad  rms  per  axis.  'This  is  within  the  e.xpeeled 
variation  due  to  drift  effects.  The  methixl  was  fui'ther  verified  In  com|)aring  navigational 
jierformance  of  N57A-2  with  parameters  derivixl  by  both  methods  from  the  s;ime  data. 
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1.  2.  I C’alil)r.'itii)n  SoUwaic  Modilica'.ions 

rile  insti'unu  nt  moiinlinn  orientations  ol  all  1- I*M  sensors  (2  I Sd's  and  IMA's) 
are  dillereiit  Iron)  those  ol  any  preN’ioiis  systems.  The  two  I SC.'s  have  Ixcn  rotated 
aliont  li\  e denn-es  I rom  the  NaT.A  (and  Civro  Test  Station)  orientations,  in  order  to 
decrease  oxciall  system  pac'kaeiii);  height.  The  ai'Celerometi'i’s  were  re-orientetl 
with  two  ini)ut  axes  neai'  tlie  hoi'i/.ontal  plane  to  minimize  the  imjjaet  ol  I Sd  scale 
laetor  errors  on  system  na\  i<;at ional  actairacy. 

rile  ealiliration  pro);rams  were  modilied  to  calibrate  the  scnsoi’s  in  the  new 
orientations.  The  proj^rams  wore  modified  in  such  a way  that  the  same  pi'o^ram  can 
calibrate  N7;’i  (1-  PM)  systems,  NoT.A  systems  and  sinuli'  inst lamients  on  a (lyro  Test 
Stat  ion. 

The  pronranis  which  c'ollect  the  calibration  data  wori'  modified  for  the  f PM -to- 
ll P2in()  interlace.  Tlie  f I’M  system  usi'S  a new  ealiliration  approach,  in  which  all 
hieh-rati’  real-time  data  smoothiii);  lamiputations  art'  performed  in  the  f PM  dedicaitcd 
processor,  and  the  smoothed  data  are  transmitted  at  a slow  r;iti'  (a  few  words  per 
second)  to  the  I'est  Station  ('ompnter.  I his  approach  is  much  simplif  to  imiileim  nt, 
anti  permits  simultaneous  calibration  of  stoeral  systems  with  one  Ttxst  Station 
Computer.  The  I’esultiii”  changes  in  the  test  station  software  decreased  the  size  and 
complexity  of  each  data  collection  pro);ram,  making  it  possible  to  collect  drift 
calibration  data  from  two  I SC's  and  calibration  tiata  from  three  IM.A's  simultaneously. 
There  are  now  two  data  colk'ction  pro);rams:  ".ANTil.I"  (which  collects  an^lc  calibra- 
tion data)  and  "IJ.A  T.A"  (which  collects  tirilt  data  from  the  I'Sfi's  and  or  smootluxi 
calibration  ilata  from  the  IM.A's).  Doth  prop;rams  control  the  Cocrz  automatic  tilt 
table  or,  if  the  system  is  mounted  on  a manual  till  table,  I'etiuest  s|)i'cific  ancle 
settinj^s  from  a table  oi)erator. 

The  follow  iiiji  modifications  wcix'  also  made  in  the  tc-st  station  software: 

1.  Data  reasonableness  testing;  was  adih'd  for  cluwksum  of  all  IIP21l)0  f PM 
data  transmission,  for  word  count  vei'ifieation,  for  I SC  readout  saturation, 
and  toi’  Coerz  tabli'  scttin);s. 

2.  "Ki-t  ransmission  re(iucst"  modes  woiX' ailded  to  ;ill  liP2100  1- P.M 
li-ansmissions,  in  the  event  of  transmission  eri'ors  bianc  detected  by 
the  data  reasonableness  li  sts. 

.'f.  I he  I P.M  se(|Uence  countei-  value  was  made  the  standard  time  I'efei’enee 
for  all  data.  ('The  llP21t)(t  clock  had  been  used  as  the  time  ridercnce.  ) 

'This  ensures  that  the  same  time  reference  will  be  used  in  compensation 
of  eiM'ors  as  in  evaluation  of  the  reliwant  compensation  paramiders. 

2.  1.2.rj  l-'ormattin);  and  Scaling  of  Calibration  Constants 

A program  w:is  developed  and  checked  out  for  generating  calibration  parameter 
tapes  for  1-  P.M.  'This  program  uses  five  i)arameter  files  on  magnetic  disks  (two  of 
angle  readout  parameters,  two  of  drift  parameters  and  one  of  KMA  i)aramcters), 
scales  and  reformats  them  for  !•  PM  memory  storage,  and  geni>rati‘s  a punched  (laper 
tape  for  loading  into  DPP  memory.  'The  program  also  generates  a magnetic  disk 
file  that  ixin  be  loaded  into  DPT  memory  via  the  1 1 P2 1 OO-to-T  PM  data  link,  and  a 
|)rinted  software  control  document  identifying  all  data  and  proeessing  used  in 
generating  the  parameter  tapi'. 
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L’.  l.-iri.'l.A  ():i1:i  [’ills  Sollw  :i  I'c 

SiiHw.'irc  \\;is  dev  clupcd  ;ind  ('heckl'd  out  lor  iisilifi  tile  Ill’lilOd  ('(iin  piiti' l'  on  the 
test  station  to  I'ontl'nl  ;i  termili:il  on  tile  ir.r.MA  i),it:i  [’>us.  [lie  l);il:i  llus  li:i  rdw  ;i  I'e  liad 
|)i'e\  ioiisly  lieen  ('iie('l^ed  out  w ith  special  l('St  eiiii  ipnient . I lie  ti'St  ('(luipment  w as 
nsi'd  Tot  eont  roll in^  tlie  Data  Dus  lor  I'liei'kout  ol  the  lll’l'lnn  program.  \\'lien  this 
program  liad  lieeii  ('liei'ked  out,  it  was  thi'ii  usi'd  lor  ('hei'kiii”  out  the  DIM'  program 
lor  t ransni  ill  iny  on  the  Data  Dus  via  tiu'  Data  r('i'minal  I'nil. 

It.  1.2.7  I- S(  1 Nois('  Diagnostic  Soltware 

A pi'o^iam  named  ■■|.()()K(’"  was  developed  lor  a "look-see"  at  the  noise 
I'ha  rai'le  rist  i<'s  of  I S(  i data.  This  pro^tam  was  used  in  \ eririi'al  ion  ol  the  noise 
t'ha  rai'terisl  i('s  ol  th('  1- S(  i an^jlc  I'eadout  eli'i't  ronii's.  Ihe  noisi'  ('harai'ti'i'istit's  are 
determiiU'd  Irom  data  eollei'ti'd  hy  the  D.\  I'.A  proefam,  which  is  d('S('ril)('d  in 
Par  i 2.  t.'!.!.  I.()()K(’  options  ini'kide  plots  <j;cni'rati'd  on  tlu'  pi'inli'r  ol  an”l('  i'eadout 

noise,  its  Foiiriet' ('onti'iit,  or  spatial  ('hai'ai'ti'i'islics.  ( )ther  options  include'  plots  of 
siii'nal  magnitude  and  pi'int-outs  ol  diri'C'tion  ('osinc's  and  smoothed  o - p-data . The' 
program  was  modilied  It'oin  a proj;fam  dcvi'Iopcd  for  N77.  Modifications  wi'i'i' 
iK'ci'Ssary  for  iisin^  tlu'  lU'w  data  fih'  formats.  Other  modifications  wi'i'i'  made  for 
ease  of  operation  of  the  jirogram,  so  that  h'ss  operator  input  and  ('ontrol  is  i'('(|Ui rt'd 
for  ^('m  ratine  standard  outputs. 

2.  1.2.H  Heal- TiiiU'  Data  Diaji,nostic'  Softwai'i' 

'riii'ee  pro<ii'am«  wei'e  developed  for  real-timi'  ('olU'ction  of  f P.M  d;ita,  and 
storaj;e  ol  the  data  on  standa  rdi/('d  fili'S  for  plotting.  Oni'  itrojiram  ("R.AW’X")  has  Hit' 
ea|)al)ility  for  si mullaiu'ous  samplitif;  of  r)12  ('onst'C'iiti vc  samples  of  t'ach  of  2i)  diffei'ent 
raw  data  variables  in  I-  PM  nu'tnory.  Tlu'  spet'ific  variables  whic'h  art'  samplt'd  art' 
spi't'ilied  by  a bh-'k  of  addresst'S  of  tlu'  rt'spectivt'  variables  in  DPI  memorv. 
C'onse(|uently,  the  U.AW.X  iironrani  could  bt  usi'd  for  a numbt'r  of  pur[X)ses.  It  was 
list'd  dui'in”  sofivvart'  hardwart'  integration  for  vt'i’ification  of  polhoiit'  damping  I'ontrol 
and  demo(hilatf)r  I |■e(lU('nt'y  t'onti'ol,  and  for  noist'  t'limintition  in  tlu'  an;;lc  rt'adout 
t'let't  ronit's  during  hardwart'  intt'gi'ation  tt'stinj;.  It  was  also  used  lot'  ve t'ification  of 
the  delays  in  t'ontrol  of  tlu'  rotating'  I'li'im'iit. 

.Anothi'i'  program  was  tb'Vi'lopt'd  for  colU'ctinp;  c'onscc'utivc  r('aflin<>'s  fat  <14  'sec) 
of  the  rolatinn  ('lemi  nl  i nt'iMlt't'  ftvi'  about  2-1  '2  minutt'S  (10240  sample's).  This  program 
w:is  list'd  for  verifit'tdion  of  rotation  control  softwart'.  A sample'  output  plot  is  shown  in 
I ij;uri'  MO.  This  plot  shows  thi'  I'lit'otlt  r riadout  value's  (in  di');rt'es)  while  thi'  rotating; 
I'lemt'iil  was  tui'ni'd  around  twici',  and  tlu'ii  turned  off.  Anotlu'r  output  plot  is  shown  in 
^■ij;url'  Ml.  This  is  a "blow-up"  of  a turn-.'iround  si'f|Ui'nt'(',  with  units  as  shown  on  the 
plot. 


A third  progrtim  (W  ITAW)  was  dt'vt  lopt'd  for  diagnosis  of  fast  rt'action  test  data. 
This  pt'ojii'.'im  avi'ianes  raw  ai'celeromt'ti'r  outputs  for  five-second  periods,  and  savt's 
tlit'Si'  smootht'd  valut'S  to  standard  data  fill's  for  |)lollinn.  riu-  pronfam  also  saves 
1!)  other  variabli'S,  samplt'd  at  thi'  mid-|M)ints  of  thi'  rj-st'cond  intervals.  Thi’  other 
variable  s include  mi'tisuri'd  ti'inpi  ratu rt'S,  D.SC  rotor-(o-('avity  );;ips,  and  ti'mivi'i'aturcs 
pi'i'tliclt'd  bv  softwai'i'  thi  rmal  mixicls.  Tht'  AX'ITAW  piogram  w:is  ust-d  for  devi  lopmenl 
and  vt  rifii  ation  tif  fast  ii  action  softwart'. 
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2.  I.2.;t  Assrmljici-  1 )(  \ clopniciit 


INI  software  di  velopmeiU  was  somewhat  hampered  1)\  lli'  (•om|)lexitv  of  its 
su|>porliiv^  assemhh  laiinuaf^e.  This  hmnutite  uses  272  2-  and  f-leller  mnemonics 
for  o|>-ciKles,  one  for  e\cr\  machine  instruction.  This  is  unwicddly  for  softw.are 
di\ flopnunt.  It  was  particularly  limilinn  duriii};  software  checkout,  when  it  was  nec(!ssarv 
to  scan  lines  of  mnemonic-  cixle  to  find  errors.  It  was  decided  to  investif;;ite  the  |)ossil)i I it\’ 
c)f  decclopinn  a new  assembler  before  the  problc-m  tirose.  It  was  found  to  be  feasible 
by  uoiiiK  outside  sources,  and  a consultant  ( lames  Detiti  Smith)  was  retained  for 
that  pur|x>se.  I'he  assembler  was  de\'elopc-d  in  time  to  support  the  dc\’elopmenl  schedule, 
and  a translator  program  was  de\-eloped  for  translatin)>  ccxle  previoush  developed  on  the 
"old"  assembler  to  the  new  assembh  laimua^c-.  This  softwtire  isncjw  opei-ation;il . 

Some  features  of  the  new  softwtire  which  mtike  it  es|)eci;illy  useful  are  the 
followiii”: 

1.  The-  lanjiuiini-  uses  only  110  mnc-monic  op-codes  (versus  372  for  the-  previous 
assembleri,  and  the-  op-codcs  tire  trulv  mnemonic  (which  makes  them  easier 
to  remember). 

2.  The  lanKttiiKe  usc-s  21  assembler  dirc-ctives,  many  of  which  wc-re  not 
available  before.  New  di recti ves  include-  MACHO,  which  define-s  a 
mtie-ro-:issembly,  tind  b,\T,  which  ele-fine-s  exte-rnal  labels. 

2.  'rile  ass(-mble-i-  "cnertite-s  i-e-locatable-  module-s,  which  can  be  linke-d  tmd 
lotideel  bv  the-  linking;  loaelei-  program.  This  pe-rmits  modularization  of 
the-  syste-m  software-  so  that  one-  module-  can  be-  modifie-d  without  re- 
assembling the  entii-e-  progi'am. 

rhe  tissembler  is  documented  in  the  following  publications  which  we-re-  preiiared 
during  this  re|x»rting  period. 

1.  C7ii'llHl  201,  ".MICRON'  Asse-mble-r  I ser's  Mtuuitil,  " De-c  197(i 

2.  C7(i-llsr)  201,  "MICRON'  .Assemble-r  De-sign  Docume-nt,  " l)e-c  1070 
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l igiiiT  80.  KncHKler  Readouts  - First  Run 


(/) 
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O 2-0 
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< 

GC 
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8 ’0 

z 

LU 


0.0 

0.0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1.0 
TIME  IN  SECONDS 


Figure  HI.  1 ncodrr  Ui':ul()ul  During  T urnaround 


2111,  ".MIC’HOX  Macro  .Asscunljlcr;  M IC  H(  )N  .Asscnihlcr  l.an^ua»i 
iJdinition  Hclrrcnco  .Manual,  " l.)('C  I'.tTii 


I.  ('7i;-ll''7  201,  ".M1C’U'>N  .\s.«cinl)k’r  Interpreter  Dese laption  .Manual," 
Dee  1070 


.■).  C'70-ll'^^  201,  "MK'Htt.N  Finkin;^  Loader  Deseription  Doeumeiit,"  Dec  1070 


i.  (■70-ll'0  201,  ".M  IC  1{(  )N  .\l)Soluti' T api'  Punch  Dtseription  Document," 
Dee  1070, 


1-  P.M  System  Data  .Analysis 


TTiis  task  was  deleted  from  (he  contract  per  Reference 


TASK  l.T).  I.VI  FiiUA'I'K  )N 


TIk'  pui  iH)S('  of  this  task  was  to  iiit<'^rat('  tlu'  ’’IWI  to  ostablish  (■om|)atiljilit\-  atifl 
ojv'ialiilitv  ot  the  INI  , INIU,  lU  , CDl',  STS,  and  soft  w a I’t'  in  accoi’datico  wit  h t ho  t ('St 
plan  d!'\olo|XKl  in  Task  2.  1.  This  l('Slin^  also  incdndod  two  (h'monst  rat  ion  naviKation 
runs  as  (h'liiUMl  in  th('  Statc'iiKMit  of  W'ork  , Para  I.  1.0. 

A sumniars  of  the  tasks  \\i)rk(><l  on  durinj;  tho  pt'ricxl  covc'rocl  l)\  this  final  r('|K)i’t 


is  as  follows; 

hit  ( -a  rat  ion  T ask 

T('St  '^(jui piiK'iit  C’hookout 

Intt'iirat(>d  Wiring;  Tost 

INI  M a hanical  Intorfaca'  Tost 

Powci'  W'l  ifical  ion  Tost 

Timing  and  S(><)U('noin^  Tost 

DPI  and  Systoni  Fleet  ronic's 
N'orification 

I'liUht  Ta|X'  (’hoekoiit 

Kotatinj;  FPM  Int  (‘g  rat  ion 

Tlu'inial  Control  'r('Sts 

HITF  \(M  ifie:ition 

Spin  Motor  ’^loet  ronics  Choekoiit 

Ml  .M  DoiiiikI  and  A/l)  Convi'i'tor 
ClK'ckout 

llotatinj;  lAl  Integration 

F.MA  Verification 

I'a.st  Warm-up  Ih  ator  Clua'kout 

.System  Comput  or  Opo  ■ (lion 
without  Control  Piiu'i 

.MFSC  \’<'i'ifical ion 

Calibration  .and  .\avif;.ation 
.Software  Chiwkout 

Calibration  N'l'rifieat  ion  'I'estinu 

Initialization,  .■MiKnmont  and 
.Navigation  \'erification 

.Multi-IIoadinj;  N’avi^’ation  Testing 
A dotailod  account  of  I'ach  of  the  abov(' 


D.ato  .St  a rtod 

Date  Complotf'd 

7 lunc  1!»7(1 

1 1 luno  1970 

1 .')  -luno  l!)7li 

21  -luiK'  1970 

22  -luiK'  1 !)7(i 

22  -luno  1970 

22  -luno  l!>7(i 

22  -luno  1970 

22  -luno  PJ7l> 

22  -luno  197t) 

2 1 lutK'  l!>7<i 

20  .Sopt  197<) 

21  -luno  li)7(i 

2.')  Fcbruaiw  1977 

2 August  iy7() 

12  .August  1970 

.‘10  August  1970 

20  Sopt  1970 

20  Sept  1970 

2 Oct  1970 

2 Oct  1970 

12  Oct  1970 

11  Oct  1970 

21  Oct  1970 

12  Oct  1970 

20  Oct  197(i 

i:i  (K't  197(i 

29  Oct  1970 

10  Oct  1970 

19  Oct  1970 

21  Oct  1970 

28  Oct  1970 

27  Oct  1970 

8 Nov  1970 

2 Nov  1970 

19  D('C  1970 

2 Doc  197(; 

11  Doc  1970 

21  Doc  1970 

;i0  Doc  1970 

22  Doc  197<i 

2.0  Fobruarv  1977 

tasks  is  f>ivc'n  in  tho  following  paragraphs. 
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l!.  ) I t'st  1 (luipiiuMil  t lu'c'kout 

Chci'kinit  ;iii<l  iiitcuratinii  ol  the  I I’M  ainl  a ssuciatcil  test  ('(ini  pmciU  was  Ix'unn 
iMi  T lunc  lliTii. 

Diii'in^  the  clu'ckout  of  the  1 I’M  Tt'sl  ('onsitlc,  all  test  ('(juipinciit  tuiiclinii.s  and 
cahlin”  wiTc  vcrilii'd.  ('(Mn'iirrciitly , all  the  apiilicahlc  di'awin<;s  were  checked  and 
red  lined  as  appi’opriate.  riie  Test  ('onsole  eheekmil  was  eonipleted  on  II  Intie  ll)7d. 

1’ . . 2 I n t exra tyyd  \\^i dn};  d'est 

(In  ir>lunethe  k I’M  non-rolatinw  hnnsin”  was  ia‘eei\'e(l  in  the  i ntencatinn  a la-a 
lor  t'heekont  and  snl)Se(|Uent  systc  in  inlenralion. 

.\s  d(diiu‘d  in  the'  MK'UtiN  l.l’M  Intc'^ralion  Test  I’lan,  ('Ti'i-atr)  2(il,  the  lirsl 
task  nndert;d\en  was  to  xcril'y  all  signal  paths.  Addition.al  ly,  all  signal  paths  w(‘re 
cheeked  for  isolation  from  one  another,  from  the  INI'  honsinw  and  from  the  wronnd 
paths.  These  tests  were  pi-rformed  with  the  IM’M  i.M  housinf;  and  appropriate  eidjlin”' 
and  test  eciuipment  eonneelml.  When  all  cdreiiits  had  been  cheeked,  the  INT  llousini; 
was  returned  to  the  wiriny;  area  on  Is  lune  for  nee(.‘ssarv  eor rc>etion.s  and  or  additions. 

Wirini;  corrections  wao’e  aec-ompl i sheii  and  the  INT  llmisins;  was  af;ain  reeei\'ed 
in  the  intimrM inn  area  on  21  lune.  The  e()rreetions  wi-re  MM'ified  and  a menohmmeter 
was  list'd  to  veritv  isolation  ol  tile  hieh-\'oltawe  circuits. 

2.  .').,'!  IM  Mechanical  Interface  Test 


A mechanical  fit  cheek  was  completed  on  22  -lune.  This  included  eheekin” 
mechanical  compatibility  of  the  INI  housing  ;ind  the  electronic  modules,  the  inertial 
instruments,  the  IMil  and  mount,  and  all  ('aiding  not  previously  cheeked. 

2.  a.  1 I’owcr  \ Crification  Test 

I’rioT'  to  pei’lormina  the  I’ower  V'erifie  ejou  Tests,  ‘he  correct  operation  of  all 
components  intei>i'al  with  the  INT  Housing  wa.  \erified.  These  tests  included  elu'ckinn 
the  power  relays  and  the  running'  time  meter.  At  this  point,  loO  II/,  .'J4>  power  was 
applied  to  the  system  befoi'e  any  of  the  power  supply  modules  were  installed.  The 
system  was  manually  turneii  on  and  the  presence  of  the  }(M)  11/  power  at  the  propiM' 
eonneetors  was  \erified. 

With  the  power  off,  the  three  iiower  supply  modules  were  installed.  With  the 
svstem  on,  tile  remainder  of  the  eonneetors  were  cheeked  to  \'ei  ify  the  \()ltawe«  at  the 
apiiropriate  pins.  In  addition,  all  the  eonneetors  were  elu'ekml  to  furtiu'r  insuri-  that 
no  power  was  applied  to  a pin  not  intended  for  that  purpose. 

.-\s  a part  of  the  I’owt-r  \ e I'ifieation  Tests,  the  llit;h  X'oltaye  .Supply  was  installed 
.Old  cheeked  tor  proper  operation.  The  I’owcr  \'erifieation  Tests  were  completed  on 
2.'l  hole  lIlTC. 


2.  a.  a 'Timing;  .oid  Se(iuencini^  Test 

Timing  and  .Se(|ueneinn  \’e ri fieat ion  Tests  wi'i'e  bej>un  in  pri'paration  for  DPT 
verification.  The  Timinja  and  Se(|ueneinn  .Module,  SKT  No.  11,  was  installed  and  the 
sinnals  generated  by  this  module  were  verified.  This  task  was  aeeomplislu'd  on 
lune  lliTb. 


2.  .'i.  Dl'l  , 111(1  SN  stcm  1 Ici'tronics  \ C ri I ic'iit  ion 


( >n  luiU',  DIM  vcririciitioii  u;i.s  iiiili.i ted.  I'lic  first  nh jccti vc  \\;is  lo  siiccfssful Iv 
l(>:i(l  mill  csciMitc  the  Self  I'cst  I 111 . I'lic  pri iii;i rv  prolilciii  ciicouiifc red  \v;is  the 
iidisi-  li'vid  on  some  of  the  crilicnl  sii;ii:il  lines.  This  problem  \\;is  corroeled  in  p'lrt 
by  (1|  (diiiiiiKitini;  i^rmind  loops  inlrodiieeil  when  iisiii”  n ii.\i  1 in  ry  test  e(piipiiient  to  studv 
the  siiiirds,  (2i  isolating  various  signal  lines  to  (diminale  noise  piek-ii|),  and  (Hi 
twistin'^  siunal  lines  with  a i;roiind  line  over  its  entire  leny,1h. 

rile  entire  month  id  hilv  was  devoteil  entirely  to  DIM  \'erilieation.  I'lie  major 
liroblem  beinn  worked  was  the  inabilitv  to  sueeessfully  run  the  CIM  self-test  program 
on  the  I I’M,  which  verifies  Cl’l  operation  and  eommunieatioii  with  the  niemorv. 

I he  tirst  problem  altaeked  was  elecMrical  noise  on  the  ttround  and  signal  lines. 

Hv  eliminating;  uround  loop>  introduced  vvluui  usiti”  auxilia  rv  test  e(iuipnient,  isolating 
signal  lines  to  minimi/e  muse  pickup,  and  verifyiii”  that  the  original  system  i;roundini; 
scheme  was  optimum,  the  eleiMrieal  noise  was  si^,nifieantly  redueeil  but  tin-  s(df-test 
proi;ram  would  still  not  run. 

At  this  time,  an  alternate  plan  was  instituted  to  replace  fuiuMions,  signals  and 
power  supplied  by  till'  IM’M  components  and  as  close  as  possible  duplicati'  the  ('IT 
bench  level  te^t  confitiuration.  With  (I)  an  external  commei'cial  core  memorv,  (2)  an 
external  oscillator  prov  iding  the  H Mil/,  (H)  an  external  a vde  supply  for  the  (' IM  , and 
ill  bvpassinu  the  (■  Dl  Memory  .Adaptor,  successful  runninit  of  the  self-test  program 
was  aecomplished  on  Di  luly  I'.lTC.. 

Intenration  of  the  CDl  Memory  Adapter  was  bei;un  on  l(i  Inly.  I'his  effort 
eoiitinued  throuuh  duly.  It  was  found  that  noise  on  the  t'Dl  Memory  .Adapter  power 
supplies  was  eouplinn  into  the  signals  on  the  I (•  and  support  modules.  Hy  cliann'inn 
the  I’lound  wii'ina  within  the  CDI  Memory  .Adapter  power  supply,  the  self-test  profiram 
would  run  with  the  ('III  Memory  .\dapter  connected  to  the  fM’M  and  the  I ()  and  support 
modules  installed. 

.\s  a result  of  the  noise  levels  observed  on  some  of  the  signal  lines,  the  desit;n 
i)l  .ill  the  cables  c.irryiiiK  the  critical  signals  was  reviewed.  On  the  basis  of  this 
review,  it  was  decided  to  modify  Hie  spare  cable  whieh  eonnected  the  I’roeessor  Control 
Panel  to  the  ('DP  Memory  AdapU'r  by  Iwislinn  each  memory  address,  memory  input, 
and  memorv  output  line  with  a separate  ground  line.  This  cable  modilieation  was 
lieyun  on  2li  liilv. 

In  spite  of  a eoncentraU'd  effort,  I'onlinuous  I'unninu  the  self-test  program  usin^ 
the  SI  .MS-!)  memory  could  not  bi'  accomplished.  On  2(1  duly,  the  decision  was  made 
to  proceed  with  ii  eni'ation  usin;;  tiu'  I'xternal  I'ommei'cial  core  memorv  and  investi|;ati> 
the  SI  . MS-!)  memory  problem  wlu-n  tlu'  .NTH  IM’M  system  beuan  inti’nration.  This 
would  free  the  f.  PM  Hot  .Moekup  to  be  used  to  solve  the  Sf.MS-!)  problem. 

Intenration  eontiniu'd  with  the  suceessi'ul  iiU'oi-porat ion  of  all  the  intei'iial  ivower 
supplies  and  the  !)  Mil/  sinnal  beinn  supplied  by  SIM'  H. 

( )n  2“  dulv,  the  modified  cable  was  completed  and  installed  in  tlu>  PPM.  .As  a 
re.siilt  of  the  improved  transmi ssion  lines,  sueeessful  operation  with  the  SP.MS-!)  nu'iiiorv 
was  aecomiili shed,  DIM  verification  continued  with  successful  CDI  and  Printer 
integration.  I'his  effort  was  essentially  complete  on  HO  dulv.  It  should  be  noted  that 


181 


CDl  and  I’riiUcr  i iitc^rat ion  i'(‘(iuin‘d  siicccssful  use  dI'  sclccU'd  portions  of  the  I,  I’M 
I'liiiht  l’roi;i'ain.  Tlic  last  problem  eiuamntered  witli  the  CDl  inlenralion  manil'esled 
itsell  as  \er\’  noisy  CDl  displays  atid  random  indic-ations  of  a iniintentional  data  Irans- 
ter  trom  the  C|»l  to  the  system.  The  pi'oblems  wci'e  sohcii  by  optimi/int;  the  CDl  - 
1 I’M  eroundine  :ind  t)y  adilin^  dee()ui)l  iiij^  {•apaeitors  to  the  CDl  (dee  trollies  boa  rds. 

I'll  :i  Aiimist,  integration  ol  the  Si(;nal  Cenerator  and  Memoi’v  Module,  Sid  No.  t, 
with  the  I I’M  Hot  Moek-up  was  bemm.  It  was  found  that  the  fd’M  I’linht  I’rouram  would 
not  run  when  the  til  11/  interrupt  was  allowed  to  initiate  a data  transfer  fi’om  the 
I’roeessor  Input  ( lutput  Module  into  the  Computer  Memor\-.  While  investi|>atinii  the 
til  11/  interrupt  problem  and  duriny,  periods  of  minimal  systems  activity  in  this  are;i, 
other  portions  of  SI  I No.  1 integration  were  aeeompi i shcul.  I'lu'  SIX)  discrete  opera- 
tion was  verified.  The  computer  eontrollml  rotor  liftoff  timing  seipieiun'  as  vvcdl  as 
tile  sit>nal  outputs,  i.e.,  10  kll/,  10  K p().s,  etc,,  were  also  verified.  'J'hese  verifica- 
tions were  completed  by  10  Auf;ust. 

.After  inteuration  of  the  rotating  Id’M  as  rcpoi’ted  in  I’ara  2..").^,  Turn  ( )ff  On 
Se((ucnce  verification  was  resumed  on  Dl  August,  d'lie  problem  of  the  1*1()  module 
not  operating  svicces.sfully  in  the  DM.A  Mode,  as  described  earlier,  was  now  attaekeil. 

An  intensive-  test  effort  was  initiated  and  continued  until  the  problem  was  isolated  and 
eorreetive  aetion  taken.  In  summary,  the  problem  can  be-  sUited  as  follows:  there 
was  ;i  e;i rry-borrow  loeic  problem  in  the  CI’C  in  that  if  a cycle  ste;il  rc(|ui‘st  occurred 
during  the  last  bit  time  of  an  instruetion  with  a carry  liit  generated  out  of  the  adder 
simultaneously,  the  lo^ie  incorrectly  handled  the  carry  bit.  This  caused  the  projiram 
counter  to  be  incremented  by  one  too  many.  The  probh-m  was  solved  by  ineorporatin” 
a loe'ic  ehannc  on  the  CI'C  module.  I'liis  fix  was  vei’ificd  on  2a  .August. 

Durinu  the  course-  of  the  ca rry-borrow  investigation,  another  lo^ii'  problem  was 
identified  and  eorreeted.  I’lu-  problem  was,  briefly,  that  vvIk-ii  the  I’rocc-ssor  Control 
Panel  w;ts  in  the  "halt"  mc'de  and  one  wanted  to  command  a rej;isti'r  display  mode,  the 
l’l()  modide  w;is  not  prevented  from  initiating  a DMA  eyeli-.  A loi>ie  clianux-  on  the  1’1() 
mofiule  eorrt-eted  this  pro  ilem  and  was  instalU-d  and  the  fix  verifie-d  on  2.‘i  .Auy,ust. 

In  spite  of  the  hinh  li-vel  of  effort  on  the  above-  |)roble-ms,  tlu-re-  we-re-  still  pe-riods 
(iurinn  which  the-  I I’M  syste-m  w;is  available-  for  inte-f;ration  of  fune-tions  not  re-cpiirin^' 
the-  DM.A  capability  of  the-  I’K)  Module-,  Tlu-se-  ite-ms  are-  liste-d  chronolonically  as 
follows: 


D;ite- 


l-'unetion 


i;i  Auuusi 


Inte-nrate-d  l-il’M  I (-si  Coniu-ctoi'  Ilox  with  KI’.M 
and  I'e-st  Console 


D’l  .Auttust 


verified  prop(-r  ope-i-alion  of  the-  l’roc(-ssor 
Discre-lc  < lutpuls  ( I’lX  >) 


17  .August 


VCrilie-d  corre-ct  system  turn-off  se-(|uence-  and 
proper  rotor  brakintt  signals 


H .Auttust  verified  corr(-e-t  rotor  suspe-nsion  se-(|Ue-nc(' 

I!)  .August  V(-rifi(-d  corn-e-t  ope-r;ition  ol  the-  Sepiu  nce-r 

Discr(-t(-  ( )ut])ut  s (SIX  >) 


With  the  ;iliilitv  to  run  the  Sell  I'cst  proui'n in  with  the  I’K)  DMA  cn.ihlinl,  intcurnlion 
ot  thnsn  liiiu'liiuis  whii'li  rc(|uin‘  I’lu  DMA  were  initialed,  I'hc  correct  opcrnlion  of 
the  MIM  iK'imui  Ucfci'i'nci-  ( icncrnlors  on  Sl-.l  No.  1 wns  xci'ificd.  The  Ill’ltlUO 
Coinputcr  \\:is  inlc^rntcd  with  the-  I I’M  ( oinpiitci-  \i;i  the  CDI  Memory  Adniiter.  In 
addition  the  proper  lunetioninu,  of  the  MIK  i discretes  were  verified  on  2s  August, 

( In  20  AukusI  a Dl’l  pi'ohlem  w as  encountered  which  manilested  itself  as  numerous 
illeiial  instructions  durin;^  execution  of  the  Nav  program,  .As  was  the  e.ise  wlien  other 
i-omputer  problems  were  eiieounte  rcil,  a eoneent  r.ded  (dfort  was  initiateil  to  identify 
and  I'orreet  this  problem,  ( )n  .2  .'September  the  problem  was  identified  and  the  appro- 
jiriate  modifications  were  made  on  the  Cl’l  module,  Driellv  stated,  the  problem  was 
that  the  profiram  counter  was  not  beiiijj,  inc'i'eni'-nted  when  an  interrupt  and 
evele  steal  rer|Uest  occurred  on  sueee.ssi\e  cycles  while  exeeutinu  an  instruction 
fetch.  C'ori'eet  C’l’t  operation  was  verified  on  2 .September. 

In  parallel  with  the  work  on  the  illegal  instruction  problem,  continuity  eheckiny, 
of  the  test  l.\r  (the  one  without  the  twist  capsule)  was  initiatcul.  This  task,  including 
c'orreetion  of  wirim;  errors,  was  completed  on  11  September.  During  the  wi-ck  of 
T September,  the  followinjt  items  were  aeeomplishcul; 

1.  Successful  inteeratio!!  of  Sid  No.  1 and  Sid  .No.  2 

2.  lnte)>ration  of  the  1 1 itth-XOlta^e  Sw  itcdi 

2.  Installation  of  the  l.AI  ineludine  verification  of  the  correct  signals  through 
the  eablinw  and  up  to  tlu'  tdiarwe  .Amplifier  connectors. 

1.  Inteyration  of  the  tdiarne  .Amplifier  modules  up  to  and  ineludini;  successful 
suspension  id  the  rotor  on  each  channel. 

■').  Continued  closed  loop  tlu'i'mal  c-onti'ol  checkout. 

(In  II  September  two  rotors  were  sucei-ssfully  suspendcul  simultaiu'ously.  TIk' 
Dattery  I nit  was  installed  and  the  Itatti'ry  Test  and  Battery  f ast  tdiar^e  functions  wi*re 
iccerilied,  Hotor  susixuision  \erification  ti'sts  continued  through  the  rcunainder  of  the 
week  ol  I 1 September  with  attempts  to  apply  a toiajuc  disturbance  to  the  jtyro  and  moni- 
toi'  the  charge  on  the  I'otoi'  following  a liftoff.  .Numerous  hardware  and  software 
problems  in  both  the  HI’  and  IM’M  c-omputi-rs  were  encountered  and  solvcul.  .Also,  a 
pioblem  ol  hiuh  resistaiu-e  shorts  bi'twecui  [lortions  of  the  triax  cables,  which  connect 
the  susiHUision  edeetrodes  of  the-  nyro  to  the  tdiarne  /\mplifier  outputs,  was  corn-eU'd. 

(in  20  .Septetnbe-r,  successful  power  interruptions  were  accomplished.  Both  the 
100  11/  |)ower  and  the  2ii  vde  |X)wer  can  be  interrupted  with  no  idfeet  on  rotor  suspimsion 
or  svstem  opei’ation. 

2.  .').  7 Idight  Tape  Chec-kout 

I'liuht  ta|M-  elu'ckout  benan  on  2 1 lune  l!)7(>  wluui  it  was  first  used  durinn;  Dl’l' 
intettration.  Clearly  this  was  a tool  to  aid  DIM  inlenration  but,  nevertiudess,  seleeti'd 
portions  of  the  ta|X'  had  to  function  for  the  t.ape  to  be  an  effective  tool. 

Several  times  durintt  the  integration  period,  a new  flinht  program  computer  tape 
was  r<-eidved.  IDieh  new  version  of  the-  computer  tape  incorporated  necessary  (diantjc's 
identified  while  utili/inn  the  previous  version  in  addition  to  newly  coded  settinents  of 

1H(; 


tiu'  Iiill-U()  rii;4ht  Ifir  t'.'idi  iipil.i  ted  :i  short  lime  \\:is  dovotcil  to  t^pc 

\oritic:ition  :it  the  svstoin  lovid.  This  \orilic:itioii  \\:is  rlonc  to  cnsiirc  th;d  tliosc 
tiiiu’tioiis  p i’i'\ ion  si  V (duH’kod  out  still  opoi'utt'il  corroctlv. 

In  acluulitv,  I'liLilit  t;ipr  cdu-c'Uout  is  ;i  conlimioiis  pi'oooss.  As  addilioiKil  hardwaro 
and  or  luiu'tions  aro  otu'ounti'rcd  in  llu“  normal  sociuonci-  of  system  inteni-ation,  the- 
appropriate  [xiitions  id  the  flight  program  are  also  exeredsed.  AUhoiinh  all  components 
of  the  fliyht  proni-am  are  elu-eked  out  on  the  simulation  station,  final  [iro^ram  verifi- 
cation is  I'equii'ed  at  the  system  le\(d. 

I pdated  M'i'sions  id  tile  flight  tape  were  inteurated  throuuhout  the  test  period, 

(In  eaid)  oc’casion  a short  time  was  devoted  to  tajie  (dieekout. 

.■),  s Uoiuiini;  I PM  Integration 

In  pa  railed  witli  DIM'  and  lleetronies  \'c-rifieation,  inte^tration  of  the  NT!!  I, DM 
(rotating  f DMi  housin'^-  was  be^un.  The  liousini;'  was  ree(d\-ed  in  the  Systems  best 

1. aboratoi-y  on  It  August  at  whied)  time  continuity  and  MeK^e''  cdu'cks  wrvv  initiated. 

The  wiring  continuity  testing  \vas  completed  on  (i  Au^iist  and  tIu'  NTIi  ’^D.M  housing;'  was 
returned  to  the  f lectronics  Dab  to  correct  the  wiring  errors.  At  the  same  time, 
continiiitv  cheed^iny  of  the  lAD  and  the  lAD  extender  cabliii};  was  bewun. 

(in  1(1  Auf;ust,  the  N7.‘t  f l’M  housing  was  redurned  to  the  Systems  Test  l.aboratory 
for  verification  of  wirin”  coi-rcctions  and  resumption  of  system  inte^trat ion.  The  wirint^ 
correedions  were  verified  and  it  was  didermined  that  the  NTt’i  l.DM  housing  could  tlum 
replace  thi-  f.  DM  Hot  Mock-up  housing  in  the  system  inte>;i'ation  effort.  This  change- 
over  occurred  on  10  August. 

In  oialei’  to  bidn;;  the  NTd  I!  DM  system  up  to  the  current  status  of  the  Hot  Mock-uji, 
the  inteyration  seiiuence  and  iiroccdiires  employed  duriiif;  the  Hot  Mock-u|)  integration 
wi-re  repeated  with  the  NTli  I DM  housing.  This  orderly  intef;rati()n  was  a^ain  pc'r- 
formed  in  accordance  with  the  integration  test  plan  dcvidoped  in  Task  2.  1.  The  intcKi'a- 
tion  included  ill  mechanical  fit  cdieck  of  all  moduhvs,  |2)  verifying  for  reed  operation 
of  all  comiionents  inteural  with  the  i:DM  Housin';,  Ci)  power  verification  testing,  i t) 
Timing  and  Sequencing;  .Model,  SET  No.  3,  integration,  (5)  DrtK-essor  Input/( Xitput 
Module  integration,  Kb  Signal  ( ienerator  and  Memory  Module,  SI  M'  No.  1,  integration, 
and  i7i  CDD  integration.  Integration  continued  with  the  addition  of  the  t’Dl'  Memory 
Adapter  and  the  Drocessor  Control  Datud  and  with  the  successful  ('xccution  of  the  self- 
test program.  I'he  f.  DM  l■■light  program  was  loaded  into  the  compute'!'  and  the  CDD 
and  printer  intei'faces  were  reverified  on  .August  12, 

At  this  time,  integration  of  the  N73  liDM  was  essentially  at  the-  same  point  as 
was  integration  of  thi'  f,  DM  Hot  Mock-up  on  H)  August  whi'ii  the  effort  was  shifted  to 
the  N7;i  fd’M,  It  is  significant  to  note  that  due  to  the  I'xperience  gained  and  the  problems 
solved  dui'ing  the  integration  of  the  I!  DM  Hot  .Mock-up  from  21  luiu'  137(1  through 
10  August  1070,  the  .same  integration  was  accomplished  on  the  N7;!  KDM  in  two  days. 

The  time  accumulated  on  the  Hunning  Time  Mctei's  were  507  hr  and  10  hr  for  the  li  DM 
Hot  Mock-up  and  .N73  i;  D.M  systems,  respectively. 

2.  5.  0 Thermal  Control  Tests 

The  first  function  to  be  verified  was  the  operation  of  the  fast  warm-up  heater 
relays.  This  was  completed  on  30  August  1070.  Thermal  control  loop  checkout  was 
begun  on  30  .August  with  open  loop  tests  to  verify  the  correct  functioning  of  the  various 
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it\(li  \ idiKi  1 ha  I'dw  :i  re  ('iiiii|)()tii‘nt.s  and  SDituarc  luiiclions  whicli  fotnprj  sc  tlic  total  thermal 
I'ontrol  svslcm.  I’iicsc*  o|k'ii  Ioo|)  tests  ucre  sueeessfidly  cfimpleteil  on  .'id  Aunu.st. 

Closed  loop  thermal  control  was  opc-ralionall y chc'eked  and  found  to  he  correct. 

In  pri'pd ration  for  liirthcr  thermal  i-ontrol  tc'stin^  with  the  IdhM  hoiisini;  (dosed,  ;i 
Converter  module  was  installed  on  21  Septemlx'r.  With  the  Converter  module  in.stalled, 
rotor  liftoffs  could  not  he  initiated.  This  prohlem  was  traced  to  incorrect  installation 
(d  a si^;nal  inverter.  The  installation  was  corrected  and  normal  system  operation 
restore(l. 

( >n  27  Septemher  (doseil  loop  thermal  eonti’oi  tests  were  resunual.  .Se\c'i'al 
thei'moeouples  were  installeil  within  the  I!  I’M  housing;  at  strategic  points  to  estahlish 
the  thermal  control  loo|)  set  points.  Hy  20  Septemher,  loiif;  term  rotor  suspension  with 
toiapie  disturhanee  and  (diars;e  monitorin'^  was  eom|)leted,  Duritin  this  time  the  therm.il 
eonti'ol  loops  operated  successfully.  In  addition,  the  thermal  set  |)oints  were  \aried 
in  order  to  determine  the  control  thermistor  scale  factor. 

2.  .7.  10  urn:  \ Crification 

BI'I  L’  verification  was  initiatc'd  on  20  .Septemher.  This  task  w.as  successfully 
completed  on  2 October  after  all  the  Ul  TK  functions  applicahle  at  this  i)oint  in  the 
integration  had  heen  \’crificd. 

2.  a.  1 1 Spin  Motor  Idectronics  Checkout 

Spin  Motor  Idectronics  checkout  was  initiated  on  2 Octoher  ItlTfi.  .After 
successful  application  <d  power  to  the  spin  motor  iJowcr  amplifier  electronics,  the 
correct  functionin';  ()f  the  control  discretes  was  \erificd.  I'hcse  discretes  include  (1) 
Spin  Motor  Idiahle,  (2)  Heat,  (2)  Damp,  and  (I)  Brake  linahlc. 

\S  Idle  attem|)tin^  to  verify  the  lont;  shutdown  and  rotor  hrakin^;  scciuences,  it  was 
found  that  the  rotor  hrakin^;  sequence  did  not  operate  properly.  The  prohlem  was  that 
hrakinj;  currents  were  applied  only  to  the  .\  and  Y motor  coils  and  no  current  to  the  '/ 
coil,  for  proper  operation,  hrakin^;  current  should  he  flowing  in  all  three  coils 
sequentially,  two  at  a time.  This  i)rohlcm  was  perple.xin^  in  that  the  l)rakin^  signals 
had  heen  correctly  verified  on  IT  .\u);u.st  IdTii.  In  addition,  all  the  components  were 
rcmo\ed  and  tested  in  the  (dectronics  lah  and  found  to  he  operating;  correctly. 

further  system  testing  showed  that  the  signals  were  correct  when  support  power 
was  on  hut  were  incorrect  when  a Bower  Control  shutdown  was  initiated  which  turned 
off  su|)|)ort  i)ower  and  accom|)lishcd  the  shutdown  with  critical  power  only.  It  min'ht  he 
noted  that  the  17  August  testinn  was  ()erformcd  with  the  support  power  on. 

'[’he  prohlem  was  traced  hack  to  the  desif;ti  of  the  three  hrakiiif;  sintials  wliich  are 
generated  on  Sid'  No.  1.  All  of  the  voltaf;es  and  si);nal.s  used  to  j;cnerate  the  hrakinn 
signals  were  monitored  with  the  supi)ort  |)owcr  both  on  tind  off.  'I’hese  tests  showed  a 
lar(;e  noise  spike  on  clock  phase  I 2 of  the  1-phase  clocks.  It  was  ultimatedy  found 
that  the  noise  spike  was  caused  by  usinp;  a v support  on  the  BIO  module  for  devices 
i;eneratin(;  the  l-phase  clocks  instead  of  -a  v critical.  The  BIO  module  was  modified 
to  use  - a V critical  and  thi.s  action  corrected  the  clock  pha.se  1 '2  noise  spike  prohlem, 
however,  it  did  not  correct  the  hrakinj;  si^;nal  prohlem. 

'I'estinj;  continued  to  solve  the  hrakiiif;  prohlem.  f Itimately  it  was  found  that  by 
increasing  the  value  of  four  resistors  that  were  in  series  with  the  1-phase  clock  lines 
t;oinj;  from  the  BIO  module  to  Sid'  .No.  1,  the  correct  hrakinn  seciuence  was  achieved. 
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rile  clli'cl  ol  the  iiuTcjiscd  n'.si.sliiiicc  \\;i.s  to  slif^htly  ilocrc.'isc  IIh“  rise  tiim-  of  thi> 
t'plKisi-  clock  sit;ii;ils.  I'hc  loMkiiiy  sctinoncc  \v:i.s  verified  for  l)oth  conditions,  i.c., 
supp('i‘t  power  on  ;ind  support  power  off,  on  (i  ( tetoher 

I'estini;  ol  the  Spin-np,  llenl,  and  Damp  functions  was  initiated  on  <i  (tetolu-r 
Initial  attempts  at  eommandini;  any  kind  of  spin  motor  action  other  tlian  IjrakiiiK  resulted 
in  program  scrambles.  I'his  prohU-m  was  workcul  continuously  until  its  resolution  on 
11  (U'tohei'  I'.iTc..  The  solution  consisti'd  of  |1)  y;roundini;  tlu“  cases  of  tiu'  relays  which 
enal)U'  the  spin  motor  power  and  which  scdect  the  motor  coils  to  l)e  etu'ruizetl  and  (2) 
reimnal  i>f  four  wires  from  the  cable  between  tIu'  l'!l’M  and  tIu-  test  point  l)ox  which 
were  no  lony:ei-  ri'((uired  at  this  koel  of  system  integration.  These  wires  carry 
signals  wliich  are  assoc-iated  with  initiating  the  A I)  con\ersion  of  \arious  signals  and 
with  initiating  u l>|()  Direct  Memory  .Acc-ess  (DMA)  cycle*.  lAi(li*ntly  noise  spikes 
generated  on  otlu*r  lines  in  the  cable  were  couplin^i  in  and  causin';  i-rroneous  A 1) 
convi'Csions  and  or  I’Ui  DMA  cycles. 

( )n  12  ( )ctober  l!)7(i  ope'ration  of  the*  /.-coil  heat  mode  was  \erificd  as  planiu-d. 
Turther  checkout  of  ttu*  spin  motor  c*k*c*tronics  is  considered  part  of  Mi;S(I  \crification, 
discussed  in  Para  2.7).  17. 

2.7).  12  Ml  .M  Pernod  and  .A  D Converter  Chec-koiit 

MIM  Demod  and  ,A  1)  Coiui'rter  testin';  bcnan  on  11  OctolK'r  1!)7().  The  intent 
of  this  tesini;  was  to  de-terminc  the  Ml'M  readout  noise  due  to  the  suspension  and  Ml'M 
electronics,  the  signal  multi|)lexers,  and  the  A D'  converter.  The  technique  employed 
was  to  ground  the  input  sijrnals  at  various  points  in  the  sif;nal  flow  jxith  and  measure 
the  ri*adout  noisi*  at  each  step.  This  testing;  showed  that  a filter  with  a 1 psec  time 
consUint  was  required  at  the  in[)ut  to  the  A 1)  converter.  This  was  necessary  to  suppress 
hiyli  fretpii-ncy  rinpini;  oceurrin);  when  the  multiplexers  switched  the  various  signals 
into  tiu*  A 1)  convt*rU*r.  The  final  t(.*st  rc*sults  indic*ated  the  HMS  noise  level  to  Ik* 
acceptabk*  and  less  than  one  least  significant  bit.  This  testing  was  completed  on 
2 1 < »ctober  l!t7(;. 

2.7).  l.'i  Hotatinp  l.Al  Integration 

Integration  of  the  rotating  LAC  (including  twist  capsule)  was  initiated  on  12  October 
l!(7(i.  'flu*  intent  of  this  ti*sting  was  to  c*\aluate  the  iK*rformanec*  of  eomponents  |H*culiar 
to  tiu*  rokiting  lAl  , i.c*.,  the*  l.Al  drive*  motor  and  the  i)osition  c*neoder,  and  to  evaluate 
rotor  susp(*nsion  int(*grity  through  the*  twist  capsule*. 

'flu*  first  ite*m  to  be*  che*e*ked  out  was  the*  lAl'  rotational  drive*  motor  and 
associate*d  ek*e*tronie*s.  During  the*  course*  of  this  checkout,  three  problems  were 
identified  and  corre*eted.  Drive*  motor  ove*rheating  was  resolved  by  adding  a heat  sink 
to  promote*  bette*r  heat  transfe*r  to  the*  cooliiig  air.  (’onq)ute*r  halts  due  to  reve*rsing 
the  l.Al  rf)tation  direction  were*  eliminate*'!  by  adding  a filte*r  e*;q)aeitor  on  the*  e*om()ute*r 
alive  signal  on  the  PIO  mexlule*.  The*  third  probk*m  enc(xinte*red  was  noise*  coupling 
whie*h  cause*d  the  l.Al'  drive  motor  to  turn  off  whe*n  the  direetion  was  reversed.  This 
problem  was  isolate*'!  to  the*  lAC  drive*  imetor  e*k*e*tronies  board  ati'l  the  soluti'ui  inelude*'! 
re*'lesign  of  the*  logic  funeti')ns  on  that  b'earel.  ('heckout  of  this  function  was  (*ompleted 
on  .‘to  I )ctober  1 !17(I. 


I’fstiiii;  of  rotoi'  suspension  inle>;rity  tlirouu;li  the  twist  cnpsule  beunn  on 
to  ()etol)er  litTti  with  suc-eessful  lift-off  Ixun^  ueeoniplislied  on  i)oth  (luniiny  lo.-uis  and 
non-inertial  yradi’  s;vros.  ( >n  111  itctoher  lonn  term  sus(X‘nsion  iTitej;rity  with  a 

rotating  lAf  was  beoun  wliile  the  rotors  were  beinj;  TD'ed  and  C’hartfe  monitored. 

I'his  testing  was  sueei-ssfully  eompleU'd  on  l!(i  October  l!»7(i  with  no  suspension  (dec- 
tronies  prol)lems  btdiii;  eiu'oiintered. 

On  Lhi  (letobt'r  l!»7i;,  encode'!'  pci'formance  was  succcssfidly  ccaluatcd. 

'2.  1 1 f;  MA  verification 


I.MA  M'l'ification  was  initiated  on  Id  ( )ctol)er  I!l7('i.  At  this  time,  the  intent  was 
to  Ncrifv  fMA  opi-ration  anrl  corrc'ct  functioning  of  the  associated  software,  I’lie  soft- 
wai'i'  was  checked  by  sul)stitutin«;  an  IIM.V  simulator  wliicli  outi)uls  a known  pulse  rate 
a!id  ttien  monitoring  the  measured  pulse  rale  \ia  the  software.  The  lAMA's  tlicmsc'lves 
wi're  eheeki'd  by  monitoring  the  i:MA  pulse  rate  for  three  orientations  of  the  IVMA's 
with  respi'ct  to  gravity.  This  phase  of  lAMA  vc'i’ifieation  was  completed  on  1 1 ()ctober 
ll)7(;. 


Aftei'  installation  of  the  I!I*M  on  the  Impc'i'ial  Uible,  l'!MA  \'erification  was 
resumed  on  ifs  ()ctobi'r  l!t7(i,  A short  version  of  the  IVMA  calibration  data  acquisition 
sc((uence  was  performed.  Tlu'  results  of  this  calibration  inriicated  c'orri'ct  l-^MA 
hardwai'i'  and  associatt'd  software,'  operation,  1!MA  verification  was  completed  on 
( letober  lh7ti. 

2.  .7,  1.7  fast  Warm-up  Heater  Clieckout 

( )n  ;;n  August  l!i7U,  the  fast  warm-up  heati'rs  were  activated  Ibi'  the  first  timi'. 

The  intent  ol  this  initial  checkout  was  only  to  vei'ifv  correct  functioninfi  of  the  heaters. 

.\  pi'oblcm  was  encounti'i'ed  in  that  ojjci'ation  of  the  fast  wanii-up  heaters  caused  com- 
putei'  I'esets.  Due  to  othei'  system  problems,  this  cliec'kout  was  terminated  on  hi 
.Xuyust  .'ind  I'esumed  on  Iti  (ictobei-  l!)7<i.  Dui'in^  this  testing,  the  fast  warm-up  heati'i's 
were  activated  ;ind  deactivated  numerous  times  with  n(j  computer  halts,  ft  is  felt  that 
steps  taken  to  eliminate  ti'oublcsome  noise  soui'ces  or  otht'i'wise  di'sensit i /.e  the  system 
to  noise  also  eliminateil  the  computer  halts  due  to  cyclinf;  the  fast  wai'm-up  heaters, 
fast  warm-up  heater  vei'i  fication  was  compli-ted  f)n  19  October  l!»7(i. 

2.  7.  Hi  System  Computer  Operation  Without  Control  Panel 

In  order  to  pei'form  system  calibration  and  any  system  testing  where  space  and 
nr  comlitions  do  not  allow  the  processor  control  i)anel  to  be  in  close  i)ro.\imity,  the 
system  must  op<‘rate  without  the  control  panel.  Verification  of  this  capability  was 
initiati'd  on  '21  Octobi'i'  197(1. 

The  first  attempt  at  operation  without  the  control  panel  revealed  two  problems, 
first,  it  was  noted  that  after  the  com|)uler  was  loaded  and  the  control  panel  disconnected, 
only  one  successful  power  cycle  with  a short  shutdown  could  lx>  accomplished  without 
a computer  scramble.  It  was  also  noted  that  if  a lonu  shutdown  was  coiirmancied  with 
the  computer  alive  cireuit  I'liabled,  multiple  power  cycles  could  be  performed  with  no 
computer  scrambles.  I he  difference  is  that  during  a lonn  shutdown,  the  Support  Power 
is  turned  off  automatically  whili'  Critical  Power  remains  on  during  the  rotor  braking 
period.  When  the  Support  I’ower  goes  off  at  lea.st  .‘10  ms  before  the  Critical  Power  the 
memory  protect  function  in  the  computer  is  enabled,  thus  preserving  the  computer  program. 
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When  :i  >liort  shutdown  is  initiated.  Critical  and  Support  I’oui-r  are  turned  off 
'Simultaneously.  This  problem  was  idi'iitilied  on  2(1  October  1!)7(>  and  a se(|ueneer 
desiy.li  I’hanye  was  initialed  wliieh  maintains  Critical  Powi-r  at  least  .‘iO  ms  after  Support 
I’owei'  is  turned  ofl  (or  any  tv{)e  of  shutdown. 

The  second  problem  manib'sted  itsidf  as  computer  scrambles  when  communication 
with  the  lll’21i>b  data  accpiisition  computer  was  linkcil  to  the  bi’M  computc-r.  This  link 
is  ref(uii'ed  for  calibration  and  functions  correctly  when  the  jirocessor  control  panel  is 
I'onneeted  to  the  I PM.  Cpon  reiicwiny  tlu'  eontrol  jiaind  and  CDC  Memory  Adapter 
drawinys  it  was  noted  that  the  shiidii  yrounds  on  sonu'  of  the  computer  siynal  lines 
were  yroumled  in  the  eontrol  pancd  and,  therefore,  wc-re  floatiny  when  the  panel  was 
diseonnected.  Hy  moviny  tlu-  shield  yround  point  into  the  CDC  Memory  Adapter, 
suci-essful  opei'ation  without  the  control  pancd  was  achiei'cd.  This  was  acc-omplisiu-d 
on  2'  ( ictobe r I 

2.  ').  17  Mi  sti  \'erification 

Ml  S(1  vc'idfic'ation  was  beyun  on  27  (ictolicr  l()7f>  with  installation  of  the  system 
on  the  Imperial  .'t-axi's  kiblc'.  The  mo\'e  to  the  table  was  recjuirc'd  because'  it  is  nc'cessatw 
to  position  the'  systc'in  at  various  eittitudes  eluriny  siiin-up  and  ekimpiny  checkout.  Afti'r 
the  mo\e',  all  syste'in  functions  we-re'  eiyain  vt'rifie'd  on  2s  Octobe-r  l!)7(;.  In  addition, 
the'  stand  alone'  Ml  AK  (Mass  I nbalance'  Attitude'  Heaeloul)  console'  was  inteyrate'd  on 
y-  (H  tobi'r  l!i7e;.  The'  MCAK  e'onsole'  is  re'e(uire'd  to  proeide'  visibility  eluriny  spin-up 
ami  ila  m|)iny  te'stiny. 

I'he'  first  rotor  was  spun  ei()  on  2“^  (tciohc'r,  Deiriny  the*  time'  in  whieli  che'cks  we're' 
Iteiny  made  to  dete'rmine'  the  sihn  axis  attitude',  an  e'rrone'ous  shutdown  siynal  initieite'd 
a "V'ti'm  shutdown.  It  was  note'd  tiuit  rotor  bi’eikiny  wets  not  oe-curriny  eind  eifter  the 
normeil  i.l  second  breikiny  period,  the'  syste'm  wets  turiu'd  off  with  the-  rotor  eit  approxi- 
''late  1\  lull  speed.  The'  yvro  wets  dameiye'd  and  re'pleie'e'd. 

A theirouyh  iine'stiyeition  showe'd  theit  the'  re'ason  for  the'  lack  of  rotor  breikiny 
was  theit  the  !'.<  cloe'k  loeiel  re'sistors  held  not  be'cn  insteilleel  on  the'  Pit)  module'  in  the' 
'Vstem.  Pi'ior  to  I'otor  spin-uj),  the'  breikiny  seeiue'iu'c  held  be'en  se'rified  but  only  with 
the  Sup|)ort  Power  on. 

In  orele'i'  to  pi'ecluele  the'  breikiny  problem  from  re'e-urriny,  all  Pit)  modules  we're 
cheekeil  to  insure  theit  the'  111  loeidiny  re'sistors  held  be'i'ii  instei I li'd.  In  eiddition,  ei  modi- 
fie-ation  was  eielded  to  the  setiueneer  whie'h  would  eillow  inhibitiny  of  the'  til  se'C  breikiny 
si'()uene'e,  if  ri'Ciui  re'd,  so  the'  I'otoi's  e'oulel  be'  elespun  manueilly  pi'ior  to  shutdown, 
riii'se  modifie'eitions  were'  implemente'il  on  2!)  lie'tobe'r  ll)7ii. 

Kotor  spin-up  eind  deimpiny  e-hee-kout  was  re'sunu'd  on  2i)  ite'tobe'f  P.I7(;  with  initial 
testiny  of  the'  yaj)  sensiny  heinlweire'  eind  software.  The  spin  motor  iiowi'r  weiveforms 
as  e'ommeinde'd  by  the'  e'ompute'r  ami  tlie'ii  ye'iie' rate'll  by  the  Spin  Moteir  Powe'i'  Amplifier 
(SMPAi  I lectronics  were  verifie'il  for  both  the  spin  eind  damp  functions.  .A  yyro  rotor 
weis  si)un  to  o|K'reitiny  sliced  and  after  preliminary  deimpiny  siyneil  phasiny  measurements, 
the  first  succe-ssful  rotor  deimpiny  was  eie'complished  on  1 Note'mbe'r  l!)7(). 

In  oreler  to  chareicteri/e  the'  spin  motor  reyeirdiny  yain  eiml  pheise  of  the  toreiues 
eipplie'd  by  the'  thre'e'  motor  e'oils,  the'  rotor  was  subse'(|uently  spun  up  eit  eill  eiyht  plate 
ce'iiters  in  eiddition  to  eilony  the-  .\,  eind  7.  eixi's.  Duriny  this  motor  ehareiete'ri/.ation, 
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tlu'  sii;n;ils  titMU' r;ili‘(l  l)y  titr  SMI'A  as  \m-11  as  the  actual  current  wavclornis  in  the 
motnr  I’oils  \scrc  also  veritied. 

Spin  and  damp  luncliiin  clicckoul  was  cimiplctcd  on  I No\'cml)cr  with  tlic 

sui'ccssful  >pin-up  and  dampiiii;  ot  l)oth  >;vros.  Uotor  spin-ups  rcquiiaul  approximaUdy 
>c\cn  sccomls  cacli  and  polhodc  dampinn  rc(iuiri'd  approxi mat(d v dh  see  each.  l lu'St' 
times  ai’i'  comparable  to  those  laupiiri'd  to  suppoid  the  reaction  time  ia‘(iui  rements. 

In  order  to  continue  witli  the  /-coil  lieatim;  and  rotor  tempc'ratun'  stahili/ation 
(line  heatiiu;i  portions  of  MI.SCi  Ncrifieation,  it  was  neca'ssary  to  establish  the  steady 
state  liap  between  the  rotor  and  the  ea\  ity.  This  also  required  \('rirvini;  tlu‘  correct 
operation  of  the  control  heaters  on  the  Instrument  Assembly  I nit  (lAl  ).  I’he  lAf  was 
instrumented  with  a numbi'r  of  thermocouples  so  that  an  independemt  tenqx'rature 
measun'iiient  of  the  \arious  components  eoidd  bt'  obtaineil.  Tlu'rmal  c-ontrol  checkout 
was  initiated  on  I NommuIum'  IttTd  with  installation  of  tlu-  lAI  in  the  f.l’M  Housing. 

The  thermal  control  loops  were  enabled  se(iuentially  so  each  heaU'r  circuit  could  bi‘ 
monitored  eontinuouslv  until  thermal  control  was  obtained.  With  all  tliermal  control 
c-ireuits  operatin';,  the  system  was  allowed  to  seek  thermal  cutuilibrium,  .At  that  point 
the  thermal  set  points  were  t'stablislu'd  to  aehie\a'  approximately  a .lO  percent  duty 
cvide  on  all  heaters.  This  closed  loop  thermal  control  testin';  was  completed  on 
.')  November  IhTli. 

Dui'in;;  tlu'  above  theimial  control  testing,  the  rotors  had  been  lett  desuspended 
to  allow  them  to  also  reach  the'  steady  state  temi)eraturi‘.  Pi'eliminary  checkout  of 
the  ;;ap  sensing,  eireuitry  had  been  accomplished  on  dl  (tetober  .At  this  time  the 

.-us|)ended  and  desuspendi'' 1 rotor  t;aps  wvre  estal)iishcd  with  the  rotors  at  their 
ope'i'atine  temperature'  of  ldO*’l'.  It  should  l)e'  note'd  that  a ^aip  measure'nient  is  pe'e'uliar 
to  a >;i\en  i;vro  and  must  be'  re'establislu'd  wlu'n  a ^yro  is  ehan‘;e'd. 

With  ste'ady  state-  uap  nu'asurenu'nts  dete-rmine'd,  checkout  of  the  Z-eoil  lieatiiiK 
and  fine'  heatini;  fune'tions  re'sunu'd  on  (i  .Noee'mbe'i'  l!l7(i.  The'  first  fuiu'tion  verified 
w as  Z-e'oil  heatim;.  .A  rouy,h  me-asu  renu'iit  indieate'd  the-  rotor  he-ating  rale'  to  be- 
approxi matelv  II  l'’l'  min.  This  is  well  abo\e'  the-  re-epiired  minimum  he-atinj;  rate  of 
■'O'M'  min.  riu'  fine'  rotor  lu-atin);  and  di'};aussin^  fune'tions  we're'  also  eerified.  With 
the  sue'ce'ssful  \e' I'ification  of  all  the  spin  motor  fune'tions,  Mf  Sti  \'e I'i fie-ation  was 
completed  on  s Nove-mber  I!l7(>. 

1!.  .7.  I''  Calibi'ation  and  .\a\igttion  Software-  Che'ckout 

Phis  inteuration  task  w;is  initiate-d  on  d Noee-mbe'r  l!t7('.  with  e-he-ekout  of  the-  adapter 
cables  re<iuired  to  enal)le  I,  PM  installation  on  the-  (loe-r/.  d-axe's  tilt  table-.  The'  cable- 
checkout  was  eomplete'd  on  7 November  lh7c,  includinj;  the-  e-orre'e-tion  of  identified 
defie'iencies. 

( »n  s November  l‘.t7(i  the  !■;  PM  to  ('loe-rz  mounting  hardware  was  installed  in  the 
Cioe-rz.  Durinu  a period  whe'H  the  fiP.M  was  off,  the  powe-r  e-ables  were  attache'd  to  the 
Coerz  adapter  e-ables  and  the-  I-M’.M  powe-r  transniissiem  through  the-  (loe-rz  sliprings 
was  verifie'd. 

Prior  to  installing  the  t PM  on  the-  Coe-r/,  three-  drift  data  sam[)Ie's  were  e)l)tained. 
Ite'duction  of  the  data  gave  an  rms  angle  readout  noise  measurenu'nt  of  between  0.02  mr 
and  O.Od  mr.  -All  of  the  noise  nu'asure'me'nts  were-  le'ss  than  the  O.Od  mr  rms  reejuired 
tor  ae'cejitable  system  naeigation  performanee'. 
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ri)c  I I'M  w;is  installed  on  llu'  (loer/  on  Novemhef  l!i7(i.  hurinn  preliniinarv 
eheekont  and  while  power  was  applied  to  llu'  system  hyiiassint;  the  Cioer/  sliprin”S, 
the  system  expi'i’ieneed  a rotor  drop  while  spintdnn,  thus  damauinn  the  nyro.  Suhse- 
(pieiu  in\estii;ation  slioweil  tiu'  rotor  drop  was  diii'  to  lack  of  pndoad.  I'he  preload  was 
lost  due  to  a short  on  tlie  in  kll/.  signal  used  in  tIu'  tieiuM'ation  of  tin-  pndoafi  signal, 

WluMi  the  system  was  disassembled,  a small  sli\i‘r  of  wire  was  found  lodj;ed  under  one 
of  the  in  kll/  siynal  lines.  .\|)parently  the  wii'e  tnovi-d  whih-  the  rotor  was  spinning, 
shoi’ting  out  the  in  kll/  signal  to  ground. 

The  gyros  wi'i'i*  replaeed  with  non-inertial  gradi-  instruments,  aiul  the  system 
was  thoroughly  eheeki-d  out  prior  to  insUdlation  of  inertial  grade  gyros. 

(in  11  Nosi'iiiber  inTii  inertial  grade  gyros  wi-re  installed  in  the  system  and 
system  ojieration  was  \a'rifii‘d  [)rior  to  reinstallation  in  the  Cioer/,.  Steady  state  gap 
readings  were  determined  and  another  .‘to  minute  drift  sample  was  obtiuned.  Again, 
all  of  the  angle  readout  noise  measurenumts  wt'fe  less  than  the  retpiired  O.ldl  mr  rms. 

The  system  was  reinstalled  on  tiu-  (loi-rz  on  17  Noyember  l!)7(i.  After  balancing 
the  Cioer/  table,  systi-m  ojieration  w:is  again  yerified  while  byjiassing  the  (Joerz 
slijirings. 

The  first  attemjits  to  ajijily  jiowcr  to  the  liPM  through  the  (ioerz  slijirings  were 
unsiu-eessful . it  was  found  that  tlu-re  was  a large  xoltage  droj)  through  the  slijirings 
on  the  If'  \ (le  jiowi-r  being  supjilic-d  to  the  CDl'  Memory  Adajiter  Box.  This  jiroblem 
was  eorreeted  by  installing  a variable  voltage  jiowi-r  sujijily  capable  of  outjnitting 
in  vde.  It  was  found  that  tiu-  sujijily  had  to  fu-  sc-t  to  ,‘M  vde  in  order  to  supjily  vak- 
at  tiu-  (1)1  Memoi'v  .Adajiter  conm-ctor.  Successful  operation  on  the  tloerz  was 
aehii-yed  on  1'  N'ovt-mlK-r  l!)7(i. 

The  first  l-'.M-A  calibration  was  jierformed  on  li^  November  1!)7().  'I'lu-  data  was 
rt-duci-d  and  tiu-  rt-sults  inriic-ated  that  ttu-  X-I!MA  was  not  ojx-rating  correctly.  In 
order  to  do  an  initial  elu-ckout  of  flu-  gyro  data  collec-tion  and  reduction  jirograms,  it 
was  dec-ided  to  sjiin-uj)  tiu-  gyros  |)rior  to  i-ejilacing  the  i:.MA.  When  polhode  damping 
was  attemjitc-d  it  was  found  that  tiu-  No.  1 (lyro  rotor  eould  not  be  siu-ev-ssfully  damjK-d, 
Hi-jx-ati-d  atti-mjits  also  wert-  unsuecessfid , It  was  dc-termined  that  the  mass  unbalanc-e 
on  this  i)arti(-ular  rotor  was  such  that  it  was  difficult  if  not  imjuissibk-  for  the  eomputer 
progrijm  to  recognizt-  tiu-  polhode-  family  in  which  the  rotor  has  been  spun-up. 

The  system  was  rc-movt-d  from  the  ('loerz  and  both  the  No.  1 (lyro  and  the  X-KMA 
w-eiu  replaced.  Subsequ(-nt  testing  of  the  KMA  at  the  component  li-vel  ve  rified  the 
failurc . 

Ttu-  syst(-m  was  re-installi-d  on  the-  (loe-rz.  on  20  November  li)7().  An  BM.A 
calibration  was  pe  rformed  with  aee-e-jitable  re-sults.  It  was  intended  to  sjiin  and  elamp 
the-  gyros  in  orde-r  to  re-sume-  drift  and  angle-  e-alibration  checkeiut.  Ileiweve-r,  an  eiscilla- 
tion  on  one-  of  the-  Charge-  Amjilifie-r  boards  was  again  jiresent.  This  oscillatiein  had  be-en 
note-d  on  two  jire-vious  oe-e-asions  but  had  disajijK-areel  when  the  Charge  Amjilifie-r  modules 
re-ae-hed  oju-rating  te-m|)e-rature-.  The-  jireiblem  liad  already  be-en  isolate-d  tei  jieieir  feed- 
through  hole-s  on  the-  te-flon  based  Charge  Am|)lifier  multiUiyer  boards.  Fiberglass 
base-el  beiards  were  being  fabrie-ate-el  as  replaeements.  The  fiberglass  beiarels  were  not 
to  be-  re-aely  until  ajijiroximate-ly  27  Nove-mbe-r  l!)7(i  and  ratlu-r  than  eiehiy  te-sting  until 
that  time-,  the-  ek-cisiem  was  maele-  tei  cemtinue-  integration  testing  if  the  eiscillatiein  was 
not  jire-se-nt.  ( )n  this  eiccasion  the-  oscillatiein  eliel  neit  disappear  when  tlu-rmal  sUdiili/ation 
was  ae-hie-ye-d.  This  re-epiire-il  changing  the-  Charge-  Amjilifie-r, 
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riic  next  three  das-s  wcia' (le\ oted  to  reestahl istiiiin  ho(k1  s\  steni  operation  to 
allow  r('Sumption  ol  cailihration  ehec-Uoul. 

( 'n  2d  \o\  ('nil>('r  1!1T<>  the  sNSleni  was  anain  operating  on  the  C.oer/..  An  FMA 
ealihration  was  peid'ornied  with  aeci'ptable  residls. 

The  remainder  of  Nosa'inher  was  (hwoted  to  r(‘Solvin”  prohlmns  associated  v\ith 
an^le  and  drill  data  accjiiisilion  and  I'eduidion.  The  pro^irams  whieli  pi'oside  the 
eomnuinicat ion  link  lietwc'en  the  Kl’.M  Computer  anfl  the  lll’21l)l)  data  ac(|Uisilion  com- 
puter were  del(U^”ed.  In  addition,  a similar  (dTort  was  underwav  on  the  ro  an”le 
itnii  flrilt  data  acqLUsition  .and  laHluc-tion  |)ro);i'ams. 

The  iivro  an^le  readout  and  drift  data  acc|Uisition  .inrl  data  rochiction  prourams 
clK'ckoul  ('ffort  was  somewhat  inlerrupl('d  flue  to  an  oscill.ilion  on  one  of  the  Chai’jfe 
AmplififM-  modulf'S.  Thf'  oscillation  had  pianiouslN’  bf'f'ii  isolatefl  to  a })oor  f('edthrou”h 
hob'  on  th('  tf'flon  bast'd  mullilavf'r  board,  f ibf'rnlass  bast'd  Charst'  .Amplifier  modult's 
wi'i  i'  rf'Ct'i\t'fl  on  2 1 N'ttvt'mbt'r  lifTb  anti,  sinct'  tht'  svstem  hati  bt't'ii  off  during  the 
rhanks^ivinn  ht)lifla\s,  Iht'St'  nt'w  Charf^i'  .Amplifit'r  motkdt'S  wt'rt'  instailt'tl  on 
2!)  No\t'mb('i'  1!)7<>.  I'ht'  lAl'  was  rt'asst'mblt'tl  anti  tht'  svstt'm  instailt'tl  on  the  Cii>er/. 
d-:ixis  tabli'  for  rt'sumplion  of  the  soft  wart'  cht'ckout. 

Fi'om  time  to  time  durintf  November,  the  triax  cables  which  connect  the  Charj;e 
Amplifiers  to  the  susiK'nsion  electronics  h:id  to  be  chnnftetl  or  reptured.  'I'hese  iiroblems 
rt'Sidti'fl  larjit'iN  Irom  h.'intllin^  anti  wt'rt'  nmslh  mt'ch.-inical  in  naturt'.  To  t'liminate 
this  Ivpt'  of  problf'm,  tht'  triax  assembh  was  modifit'tl  so  that  tht'  cables  wert'  sienifi- 
canth  mort'  flt'xiblt'. 

On  d Df'cembt'i-  li)7b,  iht'  first  FM.A  tlala  acf|Uisition  anti  calibration  was  succcss- 
fidh  compb'ti'fl.  Tht'  calibration  results  com|)ai’t'd  favorabh  to  Ihost'  oblaint'ti  :il  Iht' 
comjxmi'nl  li'Vt'l. 

.Aflt'i-  identifv  in^  anti  corrt'ctin!;  st'xt'ral  soflwart'  t'rrors  in  both  tlu'  tlata  act|i.dsi- 
tion  aiifi  tlala  retluction  programs,  tht'  first  succt'ssfid  I’vro  an^lt'  rt'atioul  calibration 
w:is  complett'tl  on  I Di'Ct'mbi'r  i;)7i>. 

1 rttm  timt'-lo-timi',  bf'(;innin);  on  dO  Xovt'mbt'r  li)7<),  it  was  nolt'tl  that  for  short 
periods  it  ap|)earefl  that  tht'  Fl’M  Ihermid  control  loops  wt'rt'  actint>  likt'  a full-on 
full-olf  SNslf'm  |•athf'r  than  a pro|K)i'lional  conli’ol  swslt'm.  Crt'ttl  tlifficultv  tlurin^ 

|K)lhixlf'  d.'impin^  of  tht'  rotors  was  t'xpt'rit'nct'tl  occasit)nall\ . .Also,  olht'r  proltb-ms 
IM'fitKiicalls'  appt'art'fl  which  wt'rt'  rt'lalt'tl  to  iH)rtions  of  Iht'  software  which  had  bt't'ii 
previoush’  o|x'ratinf;  corrt'Clh.  On  f Dt'ct'mbt'i'  li)7<)  iht'St'  problems  were  all  attril)Uted 
It)  a problem  associatt'd  with  out'  of  tht'  tlatti  transmission  lint's  bt'lwt't'n  thi'  .A  1)  con- 
\t'rlt'r  and  tht'  computt'r.  Tht'  tlata  lint'  in  t|Ut'stion  woultl,  on  occiisittn,  i-t'main  ’’ont'" 
st't.  'I'ht' <lat;i  lint'  was  instrumt'ntt'tl  ;infl  monitori'tl.  Ilowi'Vt'i’,  aftt'r  insl i'umt'nt;ilion, 
the  problf'in  nt'Vt'r  ri'occu rrt'tl.  It  is  ft'lt  that  tht'  work  tlont'  to  instrumt'nl  tht'  tlala  lint' 
corrcctcfi  tht'  problem. 

( )n  !1  Df'Cf'mbt'i',  aflt'r  bi'in^  up  anti  spinninj)  for  st'veral  ht)urs,  Iht'  ^vro  rotor  in 
Iht'  No.  1 channt'l  incurri'd  a full-s|K't'd  tlrop.  Tht'  1’2  conni'clor  on  Charge  .Amplifit'r 
No.  1 was  found  lt>  bt'  not  fullv  t'nniifit'd  although  it  was  lighllv  securt'tl.  Disennane- 
ment  revealetl  that  the  teflon  sleeves  inside  the  connector  halves  were  misaligned  anti 
flaniiigetl  showing  t'vitlt'nct'  of  inlt'rft'ri'nct'  wht'n  trying  It)  t'ligagt'.  The  ct'iiler  contluclors 
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Ii.-ul  onl\  iii;i<l('  a ixiint  c’onlacl  wlu'ti  asscnilili'd  (thciv  is  a CDiilitiiiitN  cli(‘<'k 

at  ass('ml)l\  I and.  diK'  to  thermal  c-onditions  within  the  lAt  , liarl  l)eeome  intermittent. 

This  intermittent  condition  atfecte<l  si^n.al  transmissions  I rom  tlie  Chartie  Amplifier 
output  to  the  -2  plat('  of  the  j;\  ro.  The  connector  was  ?'e|)airerl,  the  lAI  reassemhlefl, 
and  the  snsp<'nsion  S('r\o  op('ration  successfidlc  lan crified. 

At  this  time,  the  software  checkout  was  tem|K)i  a l ih  suspendefl  in  order  to  rework 
a |K>rtion  of  th('  Kl’M  wiiine.  Several  wirint;  connect iotis  had  been  broken  while  svstem 
rework  and  or  r('pair  was  lu'iiij;  accomplished.  Since  a full  up  svstem  calibration  w:is 
essentiallv  next,  this  opiKOtunitv  was  taken  to  r('work  all  wirini;  which  hafi  causerl 
problems  and  or  W('re  |H)tential  problem  areas.  The  wirin”  rework  was  tannpleted  on 
!*  Di'Cember  IttTti. 

rh('  first  total  svstem  calibration  was  complel(>d  on  11  I)ec('m1)er  l!)7b.  This 
included  KMA  calibration,  ^v  ro  an^lc  i-eadout  calibration.  f;v  ro  drift  calibration,  and 
ueneration  of  instrumt-nt  paramet('rs  to  !)(>  used  with  the  navif;at ion  pro};ram.  At  this 
lime,  checkout  of  thi'  navigation  pie^ram  on  the  svstem  commenced.  It  shoidd  Ix' 
noted  that  consid<'rabl(>  navigation  iirof;ram  checkout  h;id  beam  ac'complisln'd  prior  to 
this  tim(’  utili/iiift;  a svstem  simulator  pro^i’am.  During  the  initial  checkout  num('rous 
mivieation  i-uns  vvaua'  attempted.  Sc-veial  program  corri'ctions  anrl  or  modifications 
wei-e  accomplislK'fl  as  a result  of  tlu'se  navigation  tests.  Since  it  was  advantaf;('ous 
to  compare  the  FI>M  results  tia.ainst  tin-  perfoi-mance  obttiiiK'd  on  the  earlier  N'uTA 
svstf'ms,  these  checkout  naviaalion  runs  were  performed  without  em]vlovin>>  the  lAl 
rotat ioti  capabil itv . 

( »n  1.‘1  Decc'mber  1!17b,  it  wtts  n<»ticed  th.at  the  rotor  sp('ed  (vn  the  t;v fo  in  |iosition 
No.  2 was  chant;inu  up  to  I 11/  as  tin-  attitude  of  th('  Fl’.M  housin>>  was  chans^cd.  This 
nec'cssittited  chaiiKin;;  the  S('rv(i  notch  hvbrid  on  th('  t;v fo  No.  2 suspension  servo  module. 

Aft('r  vcrifv  iiiK  rotor  spc'eds  with  the  new  nuxlule,  a cadibrtition  sc'fjuenct'  was 
initiated  on  11  December  1!)7ii.  .Navigation  program  clu'ckout  continuc'd  with  th(' 
id('nlification  and  correction  of  sev(>ral  niivi};ation  projiram  (>rrors.  TIk'Sc  errors 
includefl  improper  mechani /.ation  of  the  vi'rilical  vadoc'itv  com|K'ns;ition  and  imiiroper 
|X)sitionint;  of  the  I'otor  spin  a.xc'S  during  spin-up  and  dampint;. 

In  spite  of  correcting  all  idemlified  errors  in  the  soflwtire,  navigation  d;ita 
continued  to  exhibit  lai’m'  errors  due  to  nyi'i)  drift.  It  was  speculated  that  these  drill 
errors  mitthl  be  due  to  a magnetic  sensitivitv  associated  with  the  lAI  rotational  motor 
and  electronics  and,  hence,  liPM  housing  fixed.  A special  test  was  performed  to  test 
this  hvi)olhcsis.  The  results  of  this  Iv'st  indicated  that  the  uncompensated  drift  rate 
was  b\l  fixed  and  not  a housing  fixed  magnetic  effect.  Since  the  drift  rate  w;is  l.-M 
fixed  ami  also  simihir  in  nature  on  both  gyros,  three  terms  vve-re  addt'd  to  tiu'  drift 
calibration  moded  which  effectively  idiminated  the  large  uncompensated  drift  I'rrors. 

.A  set  of  calibration  data  was  reprocessed  with  software  updaU'd  to  include  the 
three  additional  drift  terms  and  on  lit  Decembeo'  llt7(;  tIu'  first  suc’ccssful  navigation 
run  was  obtained.  The  run  durtilion  was  1 2 hours  with  '.tl)'*  heading  chtinges  every 
10  minutes.  This  nav  run  w;is  made  without  the  l.Al  rotation  fcaluiu'.  The  results  wei'c 
as  follows: 
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Non-i-dUitiiii:  ii:i\ in;itii)ii  c’hcckoiit  coiilimu'd  Ihrou^ih  ao  1 tccfnilKT  11I7H  ;illhounh 
(';i!il)i-;ili<>n  ;inil  N;i\i^;ilion  Software  t'heckout  was  eonipleted  on  l!)  Deeeiiiher  1!)7(; 
when  the  first  suiwessful  na\i^ation  run  was  achieved. 

a.  o.  Ill  Calibi'alion  \ (‘rifieation  I'rnstini^ 

.\lthony,h  this  task  is  identified  separately  in  the  inti't^ralion  test  plan,  the  very 
naturt'  of  what  was  requirial  to  completi'  the  Calibration  and  .\;u  ii;ation  Software 
eheckonl  iiududed  lh('  requirements  of  this  task.  This  task  was  essentiallv  initial('d  on 
a December  l'.t7(i  with  the  first  successful  IIMA  ealibration  and  was  cf)mpleted  on 

11  Deeembi'r  !l)7b  with  the  sueeessful  mmeration  of  a set  of  instrument  navi^;ation 
parameters. 

Calibration  \ eiaficalion  re(iuired  (1)  comparison  of  instrumc-nt  level  calibration 
dat;i  with  e(|uivalent  daki  at  the  system  level,  (2)  computint;  the  calibration  residuals 
by  compimsatine  the  cudibration  data  with  the  calibration  coefficit-nts,  and  tai  verifvins 
instrunumt  navi^^ation  paranu’ler  scaling  in  the  naxi^ation  software. 

Instrument  parameter  comparison  and  calibration  residual  c'om[)utation  were  two 
vital  tools  used  to  effi'ct  Calibration  Software  Checkout.  I ntil  the  systimi  le\el  cali- 
bration results  agreed  closely  with  those  obtained  at  the  instrument  U'vcl,  one  could  not 
be  assured  that  the  sysU-m  liwel  ealibration  software  was  indeed  performiuL!:  as  reciuired. 

I’arameti'i'  scaling  was  verifiml  by  the  succi-ssful  ^eiit-ration  o(  a set  ol  instrument 
navigation  parametiM’s.  This  could  not  ha\'e  bc'cn  accomplished  il  the  paranu'ters 
exceeded  prctletermined  limits. 

2.  •').  20  Initiali/ation,  Ali^;iiinent,  and  .\a\  igition  \ erification 

I'liis  task  was  initiated  on  21  December  1070.  During  llx'  ;inj;l('  c.alibrations  p<'r- 
formed  prior  lo  tin-  alignment  and  navigation  testing,  it  was  nolc'd  that  th('  rc'iH'atability 
of  Selected  an^le  [Ki r:im'’l(' rs  on  ti\'ro  No.  2 wc'ri'  tXK)r.  I'urtlu'i',  it  ap^x'aiaxl  that  ('ach 
|)aramet('r  in  (|uestion  to};i;led  betwcu'n  two  distined  vaku'S.  Nunn'rous  an^l<'  caliliral ions 
across  |)ow'er  esek-s  were  perfoi’meil  in  an  attcmipt  to  isolalt'  the  prokkuii.  During  thc'se 
calibrations,  hybrids  on  SIM  No.  2 most  likely  to  produci'  the  ithenomonen  were 
interchanged.  In  all  cases  tlu'  paranietio’  instability  remained.  The  conclusion  was 
that  the  problem  w;is  associtited  with  the  nyro  No.  2 C’harnt'  Amplilier.  .‘^inc'e  it  was 
deemi'd  tlitit  the  parameti'r  instability  was  not  too  larue  t<'  jeopardize  the  na\i^ation 
performance,  this  t;isk  wtis  resuimul  on  215  IH'cember  l!t7('>,  1 he  system  was  ctilibrtited 

and  after  performing;  two  short  non-roUited  na vintition  runs,  tlii'  first  rotatiui  na\if;atioti 
run  was  attempted  on  27  iK'cember  l!t7(i.  Several  alij;nmenls  followed  by  short  navi- 
gation runs  wera*  performed  at  headings  of  both  0 fiegret's  and  !><>  dej;ia'es.  It  was  noti’d 
that  during  all  tiu'  ali^imu-nts  an  oscillation  with  a period  of  approxi mately  two  minutes 
was  noted  on  the  estimalf’s  of  ilrilt  rates.  This  is  also  the  period  ot  the  l.-MI  rotation. 

In  addition,  all  except  one  of  the  navigation  runs  following,  the  aliunments  were  aborted 
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• It  \:ii'inus  iiitrrv.il^  ptior  to  Iho  nofin.il  t\\i>  hour  tcrtiiinulioii  duo  to  compulor  rosots 
.iiid  or  proorum  ;;or:i  inhlos.  lu  ulinost  ull  ousos  tho  n;i\io;itiou  porloi-nKiuoo  wfuild 
liu\('  hoon  well  witliiu  tho  i'o(|uii’od  lo\cls  il  tlio  run  hud  ooiitiiiuod  ft)!-  tho  tiormul  two 
lloUl''. 

In  spito  ot  tlio  trunoatc'd  nu\ii;ution  runs,  this  tostino  did  show  that  llioro  was 
littlo  oi-  no  ol'toot  duo  to  alianino  at  dith'i'onl  hoadinas.  Also,  sinc'i-  most  ol  the  navi- 
aation  runs  wore  porlorinoil  across  shutdowns,  syslom  initialization  was  \c‘ril'iod 
whonovor  tiu'  svstoin  was  powered  up.  This  task  was  ossontially  coinplidod  on 
:!n  |)oooini)or  IhTti. 

I'Ik'  ooiniuitor  rosots  and  or  soramhios  onoountorod  durina  this  tiustin^  wore 
attributi'd  to  noiso  pulses  aenoratod  hv  tho  lAI'  rotation  motor  power  supplv  and 
switohina  modulo.  All  durini;  this  tostinu  stops  woi’o  takon  to  oliminalo  tho  noiso  souroo 
ol-  at  least  dosonsiti/o  thi-  svstom  to  tho  noisi'.  ( )n  .'iO  Dooombor  two  suooosstul 

na\'iaution  runs  wore-  obtained  with  no  rosi-ts.  It  appears  that  Iho  problem  was  solved. 

The-  drift  oslim ate  oscillation  notinl  durina-  the  alijfnrnents  was  minimized  bv 
inoor|x>ralin};  the'  tivi-  state  alit;nn'ont  filli'i-  in  the  naviaution  prot;ram.  The  original 
alifiiiniont  filtc'r  had  three  states,  namelv  drift  rale,  vidoeilv,  and  tilt.  Tlio  two  additional 
stales  an'  usetl  to  estimate  KMA  and  i;,\  ro  an^le  rc'adout  e\c-lic  ('fb'ots  due  to  the'  lAl 
rotation.  It  should  Ix'  noted  that  tho  five  state  filli'r  was  alwavs  planned  for  us('  with  th(' 
rotalini;  svstom.  However,  tin-  threi'  state  filtc'i-  (XaTA  design)  was  orisinallv  used  on 
the  KHM  for  eomparinu  Ki’M  test  dal:i  with  XaTA  test  data  and  to  pn-eludi'  tin-  intro- 
fluelion  of  additional  variables  durini;  the'  (-arlv  inlei;ration  stages. 

2 . . 2 1 Ijj - lleadinn  ■Xavii;ation  r(*stin<; 

( Ml  2.’!  Dooember  lllTii  mu It i -heading  navinat ion  test inj;  was  initiated.  I lu'  plan 
was  to  perform  these  tests  eoneurrently  with  the  ti’sts  re(|Uin'd  to  accomplish  llu' 
roqiii  romeiit  s outlined  in  the  pri'vious  two  sections,  llowc'ver,  most  of  the  navigation 
runs  wore  inadvertent  Iv  aborted  prior  to  two  hours.  .After  desensitizing  tlu*  .systi-m  to 
the  noise  produced  by  the  LAI’  rotation  system,  naviuation  runs  wore  aeeompli shed  on 
.'{o  December  I'.tTn. 

Durini;  a navigation  run  on  2 lanuary  IMTT,  Civro  .Xo.  2 t'xpt'rii'need  a hi|;h-speed 
drop  thereby  damaf;ini;  t he  instrument.  .All  diai;nostie  tests  pi'rformed  at  the  time 
indicated  tho  rotor  drop  was  duo  to  a faulty  ('hani;e  .Amplifier.  I'lie  i;vro  and  Charne 
•Amplifier  were  replaced  and  fhi'  sy.slem  was  recalibrated.  I'lie  nav'i|;;ition  runs,  starfini; 
with  the  (I  dep  headinp  run,  were  resumed  on  (i  lanuarv  11)77.  .About  one  hour  into  this 
lirst  nav  ipation  run,  (Ivro  .Xo.  2 apain  suffert'd  a hiph-siieed  drop. 

I his  rotor  drop  had  all  the  characteristics  of  the  prt'vious  drop.  .A  thorouph 
review  of  tho  tost  se(|U('nce  showed  that  the  maior  difference  between  system  opc'ration 
duritip  the  navipation  runs  and  all  other  testinp  such  as  calibration,  etc,  was  that  the 
lAI"  w'is  rotatinp  onlv  durinp  navipation.  With  this  in  mind,  that  func'tion  includinp 
tho  twist  capsule  circuits  were  thorouphly  ('valuateil.  It  was  found  that  one  (d  tlu' 
eireuits  earrvinp  a sipnal  to  (ivro  .Xo.  2 was  intermittent  at  a paHicular  position  of 
tho  twist  capsub'.  All  tho  other  circuits  throuph  the  twist  capsule  wi-re  cheeked  and 
no  other  problems  were  identified.  .A  spare  circuit  was  used  to  replace  the  faultv 
circuit  and  correct  svstem  operation  was  vu'rified. 

.Another  pyro  was  installed  in  the  .Xo.  2 position  on  !)  .lanuary  1!)77  and  systi'iii 
calibration  Ix-pan.  It  is  felt  that  this  twist  eajisule  was  in  f;ict  the  causi-  of  both  rotor 
drops.  .After  completion  of  'em  calibration,  navipation  testinp  was  resumed, 
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(Ml  1 L’  liiiuiMi'N'  I!i77  a lliinl  hi^h-s|)('('(i  rolor  drop  occiirffd.  A iIioioukIi  itucsli- 
^;aliiMi  showed  that  lids  drop  was  due  to  a lailnre  in  I he  Iliuh  V'ldla^c  Switch  module, 
rile  llii^h  \ollai;e  Switch  lailnre  was  (a’rilied  at  the  component  le\(d. 

( »n  II  laiHiaiw  l!t77  the  r.\  ro  and  the  hii;h  (ollane  switch  weri'  icplaeed  and  the 
svstein  prepared  lor  reea  I iliral  ion. 

In  paralh  1 with  the  reealihration  preparation,  last  warm-np  lesiinu  was  iidli.aled. 
Initial  tests  were  (amdiieted  to  \('ril\'  Ihe  eomponeiit  heatin^t  rates,  /.-caiil  rotor  hoatint; 
was  also  \erilied.  lids  (dlorl  eontinned  Ihiaintth  li  I laimaiw  Ih77. 

A proldem  with  Ihe  .No.  I Chartie  Amplilierwas  nolicaal  on  1!  1 lannarv  I!t77  and 
Ihe  Charge  Amplilierwas  siil)se(|nent  Iv  tcplacaal.  In  addition,  se\crai  proldems  with 
rotor  suspension  weta-  (auaiuntered  and  ultimalel','  Iracaal  to  an  inieiaiiiltent  signal 
re(|Uir(al  durina;the  rotor  suspension  sefiuencc.  The  suspension  prohlem  was  resohed 
on  L’s  lanua  r\-  1 !i77. 

While  the  s\st(aii  was  iMu'iiji  ( heekial  prior  to  reealihration,  last  warm-up  and 
automatic  se(|ueneint;  t est  int;  w a s resunual.  The  It  rst  lully  automatic  stall  se((uence 
liaiiii  powi'f-on  throui;h  rotor  spin-up,  damping,  etc,  to  the  point  where  the  s\stem 
was  read\’  to  lie-in  alit;nnient  was  ataamipli slual  on  Its  .lanua re  ld77. 

rile  sNstiaii  was  ealihrated  and  na\’  perloiaiiaiua'  testing  staiTed.  Na\  runs 
ohtaimai  on  h and  I I'l'liru;!  r\’  as  well  as  na\  runs  heinn  ohtained  on  another  KPM 
s\  stem  mon-eontraet  ellorti  indieateil  a prohliuii  associated  witli  the  aliunmc'iit  mecdi- 
ani/alion.  Numerous  alignments  lollowcd  liy  short  na\  I'uns  were  made  to  identilv 
and  correct  this  prohlem.  Simplv  stated,  t 1h‘  prohlem  occurred  in  the  ti’ansition 
ti'om  the  na\  standh\-  mode  to  the  alinimH'nt  mode.  During  this  t ransit  ion,  the'  routine 
which  norm;ili/ed  the  spin  li’amc  to  n;i\  Ifame  t raiisrorimit  ion  wouh’  oicrllow  if  the 
initial  ccetors  were  si^id ficant  Iv  dillerent  from  unit  length,  l ids  prohlem  was 
eliminated  hy  ineludiii”;  protection  a|;;dnst  this  o\t'rflow  in  the  software'. 

Durini^the'  itn  I'st  i^;at  ion  of  I he' a liniiment  nu'chani /at  ion  iirohh'm , a ^yrodrilt 
which  was  cause'll  hy  a heat  lf('(|Ut'ne'y  he'twe'cn  one'  uyro  rotor  and  the'  de'inod  re'fcre'tice' 
of  the  othi'f  nvro  was  ene'ountcre'd.  riii'  systi'in  had  alrc'ady  lu'en  mi'C'liatii /I'd  such 
that  the  two  rotors  ran  at  fre'enu'iieics  difle'i'ent  hy  approxi m at I'lv  7 II/.  .Since' the' 
elemoil  relerenci'  I re'iiue'iK'ie'S  were'  .7  11/  li'ss  than  rotor  spe'C'd,  ('lU'  ol  the'  de'inod 
ll•('(|U('nci('s  w;is  \e'r\'  close'  to  the'  olhi'i'  rotor  spe'C'il,  caiisiii!;  the'  lu'at  fre'eiucne'V . 
.Mthouuh  the  I'xai't  coiiplini;  nu'chanism  was  not  isolate'd,  the'  prohlem  w;is  soKe'd  hy 
setting  the  ile'iiioil  lrci|ue'ncy  eif  the'  hi^lu'r  spe'i'il  rotor  to  •")  11/  aho\e'  that  spe'e'il.  With 
this  software'  mollification,  all  the'  rotor  anil  ileinod  ri'leri'iu'e'  I l•e'l|U('ne'le's  are' 
si'pa  rail'd  hy  at  Ic'ast  i 11/  the'i-e'h\'  I'liminatinj;'  any  hi'at  plu'nonu'non. 

(Ml  11  l ('hruar\,  nas  pi'rloi'inatiei'  vi'i'ilication  runs  we'fe'  made'  with  the'  e'or re'cteii 
soltwari'  program,  rhe'se  runs  eh'inonst  rat I'd  that  the'  prohli'in  had  he'cn  e'cirrccle'd. 

(Ml  I.')  I'l'hrua  rv,  :i  e'htinge'  wtis  incoi'portited  on  the  SKI'  H Se'iiue'iU'e'i'  Moilule' 
hasi'il  on  l':i*M  ‘J  inon-cont  rae't ) e'xpe' rie'iice'.  This  e'liangt'  prov  ide'el  a more'  positive' 
mi'tiiis  of  insuring  that  oiu'i'  the'  gyros  have'  he'i'ii  spun-up  a long  shuldown  (with  rotor 
hrtikingi  ralhi'r  than  a shoil  shutdown  (without  rotor  hrakingl  will  he  initiate’ll  hy  the 
sv.sti'in  se'iiue'iiecr  wlii'ii  it  ri'ci'ive’s  a shutilown  e'ommand  from  I'ithe'r  the'  C’Dl'  or  the' 
sy.stem  ('omputer. 
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I’r('\i()iis  sluitdoun  |)n)l)lcTns  h;i(l  hrcn  experienced  due  to  noise  trnnsienls  (••■luseil 
li\  Ollier  e(|uipment  powi'r  e\(  les  and  liv  lesi  e()Uii>menl  liein^  eonneeled  di  ;eonn<‘eted. 

I lie  sN  sleiii  uas  nio\cd  lo  a van  vvliere  the  power  I ransler  and  tesi  e(|uipriienl  eiin- 
I'muralion  is  imn  li  more  represent  al  i \c  ol  an  airerall  eonli^ural  ion.  Initial  elieekout 
anil  pow  er  t ransler  1 est  s w e re  sueeessliil.  However,  on  17  lehruarv,  a lull  s|)eed 
rotor  drop  occurred  on  the  No.  1 uvro  alter  a van  power  circuit  hreaker  opened. 

.'sul)sei|uent  investigation  revea  led  t hat , vv  hen  t he  ei  reuit  breaker  oiiened,  the 
inn  11/  motor-generator  be^an  to  coast  down.  The  system  iirofierly  sensed  the  power 
loss  and  translerred  to  batterv  power,  i I Ik-  normal  se(|uenee  lor  the  system  is  to 
wail  In  seconds  and  i I t he  lun  11/  power  has  not  been  restored,  an  orderly  shutdown 
se(|Ueneo  vv  i 11  be  sta  II  ed.  However,  du  ri  iif;  t hi  s pa  i1  ieu  la  r t est  start  se(|Uenee  t he 
HI  s('eond  shutdown  was  not  enabled  lor  test  reasons  and  the  system  stayed  on  battery 
power.  ) About  .'in  seconds  alter  loss  ol  power,  the  circuit  breaker  was  closed  by  an 
operator.  I'he  system  did  not  transfer  oH  battery  back  onto  line  povvei’  as  expected. 

I I his  was  determined  to  be  because  as  line  vollane  and  lre(|Ueney  are  slow  ly  broui;ht 
back  up,  the  power  sensing  lo^ie  circuitry  will  not  detect  that  line  powi'r  is  back  on.  i 
'khc  system  shut  down  drotipint;  the  No.  I t;yro  rotoi'  (it  was  the  only  ttyi’o  spinning 
when  the  battery  was  drained  and  could  no  lonyei  supixirt  tlu'  system.  The  tiyro  was 
replaced  and  the  system  had  started  calibration  when  the  contract  jx^riod  of  perform- 
ance was  terminated. 

li . .7 . 2 2 I 'asl  React  ion  Summa  rv 

Although  the  contract  period  of  perlormance  limitation  precliuled  completion  of  llu' 
fast  react  ion  t ('St  intt,  initial  test  n-sults  looked  promising.  Stall  u|)  (suspension,  spin, 
ix)lh(xl(>  damping  and  hf'atinn)  times  wcri'  li  1 I minutes  versus  the  three  minut(>  budni'l 
for  room  ambic'Ut  stall  ups.  'I'his  testing  did  show  uneven  heating  rates  betwi'en  the' 
two  Charge  Amplific'is.  A short  t(>rm  solution  has  bci'n  to  adjust  the  lu'utiiu;  by 
ehanyinn  the  softwaie  controlb'd  fast  warm  up  healer  cut  oH  temperaiure.  Nycntuallv, 
however,  a channf'  in  last  warm  up  heatc'r  si/inp  is  indicated. 

(iv  ro  Compass  alignment  times  (five  minute  budf^et » are  betwei-n  five  and  six 
minutes  from  a thermallv  stable  warmed  up  condition.  Thermal  t rtinsient  I'ffc'cts 
vv(>re  not  abb'  to  bi'  I'valuati'd  within  th('  Inti'pration  ti'Stinp  tinii'  pi'riod. 

2 . . 2 1 i N'av  i^^ation  l’('rformanc('  Summary 

'I'his  sr'Ction  of  ilu'  r('|x)rl  summari/a's  th<'  navination  |X' rformanci'  data  obtaitu'd 
during  inti'yration  I ('St im;  (if  t Ik'  contract  sssti'm  ('■II’.M  1).  In  addition,  during  this 
sane'  t('St  pc'iiiKl  (through  27  l i'bruarv  i;)77)  a sc'cond  unit  of  the'  sane'  desipti  (KH.M  2) 
was  fabricattxl  and  ti'Sti'd  with  non-contract  funds.  l’('rformanc('  data  from  KI’.M  2 
testinn  has  bi'i'n  includi'd  in  this  n'lxirt  for  conijiarison  (Xirixisi'S  and  lo  provide'  a 
broadi'r  statistical  basi'  for  {'valualion  of  Ihi'  inlu'i’e'iit  navination  )i(' rformancc'  c'apabilil ie'S 
of  this  ••’HM  d('sii;n.  summarv  labb'  is  iiu-liubxl  in  this  sc'ction  of  tie'  r('ix)rt. 

Individual  naviKation  plots  as  wi'll  as  ensemble  C’=ll’  and  velocity  error  curves  are 
containexl  in  Ap|x'ndix  N. 

'Two  (b'lieinst  ration  nayii;ation  runs  w('r('  r('((uir('d  by  He' contract.  Oiu'  run  was 
to  bf'  m id('  from  an  initial  0 di'gic'c  Iv'ading  during  gyrocoinjiass  alignne.'nt  with  two 
;H)  (b'gri'r'  le'ading  change's  during  the'  two  hour  navigation  pe'iiod.  'Tlu'  sec'ond  run 
was  lo  b('  made'  from  a lh()  degre'e'  le'ading  during  gyrocompass  alignine'iit  with  two 
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‘.to  (Ir'^jrno  hoailin^i  ch.inuos  during  thi'  two  hour  n:ivij;;it ion  |)pri(Kl,  'l  lu'  position 
rrror  for  thus.' two  runs  (No.  1 2:S07(;i ti2.'>  iind  No.  12:}07(:22:i!))  was  0.71  nmph 

as  i ompai('d  to  tlip  1.0  nmpli  rp(|Uirpmpnt  ;ind  tlip  O.H  nmpli  Roal. 

During  tin-  test  ppriixl,  a nunihpr  of  navif;ation  runs  wcrp  made  ft)i-  pprfoi'm.anco 
p\aluation  on  l)oth  K I’M  1 and  K.MI’  2.  'riit'sp  runs  w('rc'  m uh'  und(>r  \;n-vinf;  conditions 
p.ji.  sonip  w('r('  with  hradinn  chanf;('s  and  sonv  w('rp  with  tills  made  during  thp  navi- 
H.ition  p('riod.  Dat.a  from  thi'Sr'  i-uns  is  summari/c‘d  in  Tahlp  12.  Thesp  Iwpiilv  eight 
nav  ig.ition  runs  dpmonstr.itp  pprformanci'  well  within  the  cont  rac't  laniiii  rcmptits. 

TAIU.K  12.  KPM  N/\Vl('..\noN  PK  H I-(  )UM  ANCK  SI  MMAIfV 
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SECTION  III 


TASK  2,  TEST  AND  EVALUATION 


1 I ASK  li.  1 , 11  S'l  I'l  .ANS 

rhis  l.isk  ini'Iiidcd  (he  dcxclopniciil  ol  (csl  plans  lor  inl<'i;ralinf;  the  I-  I’M  and 
lor  t«  stin;4  the  I-  I’M  in  the  lahoraloi'v.  Test  plans  wa  i'c  also  developed  lor  sec()nd- 
souree  rotor  and  eavily  tests,  loi-  non-dest  riiet  idle  rotor  anil  cavity  tests,  M I- S(  ■ 

|)r«  lunctiotial  tests  and  acceleronieter  perl'oianance  and  environmental  tests.  The 
task  to  develop  test  plans  lor  testing;  the  1-  I’M  in  the  van  and  at  I, AX  was  deleted  Irom 
the  eont  raet  per  Kel 

The  lollow  ine  test  plans  w ere  completed  and  submitted  in  .April  UiTii  as  C1)UI, 

It em  Audi ); 

1.  MK'UitX  1-  I’M  Intenfation  Test  Plan  (fTti-.')  l.a  201) 

2.  Ml' SC.  lest  Plan  (C7(;-27;i/ 20 1 ) 

A77M  .Accelerometer  Test  Plan  ((Mti-.aiiO  201) 

The  MICKttX  1PM  lnte<iration  Test  Plan  delincd  the  tests  reiiuired  to  intes^rate 
the  moduli'S  subassemblies  ol  the  IM  and  to  intef;ratc  the  IM  , INliC,  lU',  C'.NP,  and 
S I S.  The  orih  rly  manner  for  inU'f^nil ion  established  in  Ihe  lest  plan  was  based  upon 
the  functions  and  partitioning  within  the  IXl  . The  INI  intcKiaition  tests  defined  in  the 
test  |)lan  were  as  follow  s: 

1.  Subassembly  Subsystem  Inte^fat  ion  Tests 

2.  System  Software  and  Calibration  X’erifieation  fests 

;i.  Navijiation  Pcrfoiananee  Tests 

1.  I \ternal  Intei-face  X’erifieation  Tests 

.').  Reliability  Screen  Tests 

I he  M I-  S<  i 'Test  Plan  del  i tied  the  pi'efunet  ional  tests  to  be  perfoftned  on  all 
M T S(  i units  fiibrieated  during  Ihe  Phase  2R  contract.  This  doi'ument  also  outlined 
Ihe  tests  to  be  eondueled  on  second-source  and  non-desi  ruel  ible  I’otor  and  cavity  si'ts. 

The  A77.M  .Accelerometer  Test  Plan  defined  the  tests  to  be  |)erfoi  nu'd  on  the 
.A77M  aeeelio'ometers  fabricated  during  the  I’htisi'  2B  contract.  The  tests  didined 
in  the  test  phtn  were  the  functional  test,  pei-formanei'  test,  and  etivi ronmetittil  test. 

A ti’st  i)lan  for  1-  P.M  laboratory  te.siinn  vv.as  prepared.  'This  test  plan 
(C7t>-I.'i7>'/201)  consisted  of  four  p;irts  and  included  phins  for  tin-  following  tests: 

1.  Stability,  he.adin);  sensitivity,  and  tilt  sensitivity  testing 


L’.  Scnrshy  uid  riitc  testin'; 

I'ast  fetietioil,  liot  itld  I'old  sn;ik  testin'^ 

I.  \ ihi'iit ioti  and  slmek  ti  stine 

A df  ilt  copy  ol  I’aft  I (Stability,  lieaditij;  sensitivity,  and  tilt  se  nsitivity  testinet 
was  pi-nvided  to  Al'AI.  in  Deeeinlx'f  I'.lTn.  'Hie  linal  version  ol  Part  1 was  sulnnitted 
in  I'ebtaiary  P'TT  as  ('l)Hl.  Iti  in  AdDI).  Dralt  c-opies  ol  Parts  2,  and  1 were 
provided  to  Al'AI.  in  Kehruary  l!i77.  1 he  linal  versions  ol  I’arts  li,  and  1 were 

in  litial  tvpe  at  eontr.aet  eoinpletioti  and  eonseeiiietitly  were  not  lotanally  suhinitted  :is 
I'  l)l{I  data  items. 

TASK'd.  J,  1)1- \ I-  l.(  tPMI- N 1 A 1,  'l  l- S 1 

rile  jiurpose  ol  (his  t.isk  w.is  to  lest  rotors  and  ea\  ities  labrieated  l)y  the  second 
xiiiri'e.  I he  task  to  eondnet  non-dest  ruet  ihle  rotor  ami  eavit\'  te'sls  was  deleted  from 
tile  emit  fact  pe  r Pel  •'>. 

1 Si'eond  Sonrei  Kotor  and  ('a\  ily  Test  s 

Aiitonetio  responsihilitv  under  this  task,  with  respect  to  Se'cond  Sonree, 
ineluded  eom|)otieni  test  ini;  <d  lour  rotors  and  ea\  ity  si‘t  s and  testin';  of  two  MKSCi 
instruments  eontainini;  Second  Souri'c  rotors  and  cavities. 

I he  items  in  I able  i:>  were  received  from  Northrop  for  evaluation.  .All 
units  wi'fe  ev.iluated  amt  re|)oi1s  submitted  t o .A  I'.\  I WP.AFH.  I he  Master  Palls 
listed  below  were  e\aluat.‘d  at  .Autoneties  and  then  returned  to  .Northrop. 


TAIlI.l';  -K}.  NOKTIIKOP  ITK.MS  KKC'KIXi:!)  FHK  F\' A I.FA  TK  )N 


Cavitii'S  Sets 

Rotors 

Master  Cavity 

Master  Rotor 

NmM)7 

NA  1 1 

l!-l 

No.  2 

Nboii^ 

N.\  K. 

H-2 

No.  7 

.Nuuu:i 

NA  1 1 

No,  7 

NUUK) 

NA22 

HeO 

Two  sets  of  rotors  and  c-avitii’s  wio'e  ri'Ci'ived  at  .Autonedies,  .Analudm  in 
■lanuary  Pi7i''  and  two  sets  were  I'eeeived  in  Felirutiry  l!)7(i.  .All  parts  were  component 
evaluated  prior  to  selectin';  the  best  two  assit  sets  to  build  into  tlu'  final  i;yro  confii;- 
urtition.  All  parts  \\cre  j;ood  for  instrument  use  with  regard  to  si/i',  roundness, 
surface  linish,  and  i;eneral  integrity.  The  hist  sets  of  cavity  parts  (NilOd!i  and 
.NOOK))  and  rotors  (N.A  1 1 and  .N.\22)  were  si  lc  cteil  for  assembly  into  the  ;;yro  confin- 
urtition  because  they  had  a sotnewhat  better  surface  finish  th;in  the  otlnu’  sets. 

.Ml- SC.  Fnit  .NOOOii  NA  1 1 ;ind  .M  1- SC  Fnit  NOOID  N.A22  completed  assiunbly  in 
.Ajiril  l!i7b  and  sueeessfully  passed  pr;  .•'unct ional  testini;,  bake  out,  and  cold  soak. 

.No  problems  of  tiny  kind  were  micountered.  However,  functional  test  of  the  units 
on  fest  Station  1\'  revealeil  some  discrepancii's  in  the  desired  rotor  ptirameters. 

Ttible  I I summai-i/es  the  initial  measurements  of  partimeters. 
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12.  SiDi  stiv  :inil  r;it (•  t i st  iii^ 


l ast  l•(■a^■li<)ll,  Itot  and  t-old  soak  testin’^ 

1.  \ ihiation  and  shock  Icslinn 

A (Iran  copy  ol  Part  1 (Staldlity,  heading  sensitivity,  and  tilt  sensitivity  testing) 
was  provided  to  AI  AI.  in  Deceinlxf  Hi7i;.  khe  final  version  of  l*;irl  1 was  submitted 
in  f ( l)rnarv  IttTT  as  CDKI.  Item  Aditl).  Draft  copies  of  Parts  2,  and  1 were 
provid(  (I  to  AI  AI,  in  lA  hrnary  IH77,  I he  final  versions  ol  Parts  2,  and  1 were 
in  tinal  tvp(  at  contract  completion  and  consc(iiicntly  were  not  foiaiially  submitted  as 
CDKI,  data  items. 

;!.2  TASK  2.2,  1)1  \ f l.(  tPMf  N I A I.  I f S T 

I he  purpose  ol  this  task  was  to  test  rotors  and  cavities  fabricated  by  the  scc-ond 
source.  I'hc  task  to  conduct  non-dest  ruct  ibic  rotor  and  cavity  tests  was  deleted  from 
t he  cent  I'act  pe  r Kef  b. 

;'>.2.  1 Source  Kotor  and  <'a\ily  Tests 


■Autonctics  responsibi  lit\-  under  this  task,  with  respect  to  Second  Source, 
inc  luded  component  teslinj;  ol  lour  rotors  and  ca\ity  .sets  and  teslint"  ol  two  MKSti 
i instruments  containin'^  .Second  Source  rotors  and  ca\ilies. 

1 he  items  in  Table  D!  were  received  from  Northrop  for  evtiluation.  .Vll 
units  were  evaluated  and  rei)orts  submitted  to  .Al'.Al.,  WP.Af'H.  The  Master  Pails 
listed  below  were  I'valuated  at  .Autoneties  and  then  returned  to  .Northrop. 


TAHI.i-;  Hi.  NOHTIIHOP  I'lT.MS  KlXKIVKl)  1(M{  KVAl.r.A  noN 


Cavities  Sets 

Rotors 

Master  Cavity 

Master  Rotor 

.Nm)i)7 

N’.A  1 1 

H-1 

No.  2 

.Noom- 

NA  Hi 

H-2 

No.  7 

XdOd!) 

N'A  M 

No.  7 

.NOOK) 

1 

NA22 

HeO 

Two  sets  of  rotors  ;ind  ciivities  were  ri'ceivcd  :it  .Autoin  ties,  .Anaheim  in 
•lanuary  Pt7b  and  two  sets  wore  reeeivi'd  in  f’cbrutiry  l!)7(i.  .All  parts  were  component 
evaluated  prior  to  selecting  the  best  two  assi't  sets  to  build  into  the  final  ^yro  eonfig- 
uration.  All  parts  were  {;ood  for  instrument  usi'  with  regnrd  to  si/e,  roundness, 
surfticc  finish,  and  j;eneral  inti'nrity.  The  last  sets  of  caivity  ptirts  (NOOO!)  ;ind 
NOOlO)  and  rotors  (N’.A  1 1 and  NA22)  were  seli'C-ted  for  assembly  into  the  nyro  config- 
uration because  they  had  :i  somcwluit  better  surftiei'  finish  than  the  othi-r  sets. 

Mf.St.  I nif  N()i)l)!)/.\A  1 1 and  .Mf.SO  I nit  NOOK)  NA22  eotnpleted  assetnbly  in 
Ajiril  l!)7)i  and  successfully  passed  prefunctiontil  testinj;,  btike  out,  iind  cold  soak. 

No  problems  of  any  kind  were  I'licounlered.  However,  functional  test  of  tlu'  units 
on  Test  Sttition  l\'  I'eveali'd  some  discrepiincies  in  tlu-  desiri'd  rotor  paranuders. 

'T.able  I I summari/es  the  initial  iiK-asurements  of  (laramelers. 


202 


I-iRuri'  82. 
I’olliodf  Signature' 
Northi-op  XOOO;),' NAll 


I'igiirc  82. 
Polliodc  Signature 
Xortlirop  X0010/XA22 


I'iguri'  8-4. 
Polhode  Signature' 
MIC'ItOX  AOIuY  Series 


rliere  were  two  anomtilit's  revealed  by  the  data  analyses:  (1)  Itotor  eh:ir;ieteristies 
were  v;istl\'  ditlereni  troni  those  observed  on  st;ind:ird  MK'KOX  three  wire  rotors 
;ind  (2)  the  rotor  eh:ir:ieteristies  were  v.-istly  dillerent  between  XA  1 1 ;md  XA22,  even 
though  the  rettors  were  l.'ibriealed  Ironi  ni.ateri;il  which  eante  from  ne;ir  vicinities  in 
t he  ext  fusion. 

I wo  |)ossible  expl;in:itions  for  the  observed  behtivior  of  the  rotors  ;ind  the 
devi:itions  between  the  Xorihrop  rotors  ;ire  ;is  follows: 

1.  llomogeiieitv  of  tin;  originally  purehtised  bervlliuni  in:iti;r i;tl . 

P.ee:iuse  of  the  good  results  of  llu'  tests  :ind  ev:iIu;ition  of  the  gt'omt'fry  of 
the  rotors  (via  x-r:iy,  wire  lengih  nie:isuretnents)  it  is  thought  tint  the  most 
probable  cause  of  the  discrepancies  was  the  non-uniformity  of  the  nriterial 
which  Northrop  procured.  'I'he  large  variation  between  rotor  XAll  and 
NA22  gave  :(  very  strong  indication  that  this  was  the  probable  cause'.  Tlu' 
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extreme  va I’iat ion  in  l)olli  MIM  MmplitiKle  (|•;^(li;^l  nms.s  unbalance)  and 
axial  mass  unbalance  indicateil  an  uncontrolled,  unpredictable  center 
ol  t;i‘a\ity  ol  eai'h  I'oloi-.  In  the  earlier  Ml  Sti  de\'elopmental  staj^es, 
Autonetics  pui'chaseil  material  Irom  one  other  vendor  which  had  similar 
characteristics.  Indeed,  without  any  intentional  mass  unlialaiuc,  the 
mass  unbalanc'e  ol  the  linished  rotor  was  so  laree  it  precluded  lull  .spin 
up  ol  the  rotor. 

< Mher  than  "(’hoii'e  C ut.  " 

Northrop's  lirst  eirort  ol  rotoi'  material  extrusion  did  not  produce  the 
desired  i^eomet  IT  in  the  loll”  unilorm  midsection  ol  the  extruded  rod. 

In  <irdei'  to  j4et  rotors  ol  the  de.sj  red  geometry  (w  ire  location),  it  was 
neta'ssary  lor  .N'orthroj)  to  use  material  closer  to  an  end  section.  There 
were  unknown  characteristics  in  the  material  Irom  such  a section  (tran- 
sition phase  in  the  extruding;  pr()cess)  and  .Autonetics  had  no  experience 
with  those  sections.  It  is  noted  however  that  il  such  were  the  case,  it 
would  still  be  exiiec-teil  that  .\.\  I 1 and  SA'I'J.  would  show  similar 
cha  racterist  ics. 


I'our  complete  sets  ol  .An”le  .and  Drilt  Calibrations  wci'e  perlornied  on  each  ol 
the  two  Ml'SCi's  coiitainiii”  Northrop  rotor  and  canity  sets.  The  tests  wore  ccmductecl 
in  the  lollow  iii”  sei|U(  nee: 

I.  'iwo  sets  ol  .\ni;le  and  Drilt  Calibrations  w ithout  an  inteimu'diate 
..  shutdown 

II.  .A  third  set  alter  ,a  );yro  shutdown 

.!.  'The  lourth  set  alter  an  additional  shutdown 

-A  tabulation  ol  the  .Anjile  and  Drift  Calibration  residiuils  is  j;iven  in  'Table  l.a. 

■A  computer  pro^;r;im  was  prepared  (o  eompare  and  analyze  tiu'  drift  parameters 
between  cai  1 ib  rat  ions.  The  drift  parameters  for  the  two  sets  of  four  calibrations  wore 
then  processed  throu”h  the  iiai’anieter  comparison  pro^tram.  .A  tabulation  of  the 
p.irameter  comparisons,  tof;ethei‘  with  o\orall  mean  differences,  is  ^iveii  in 
Tables  IT  and  17  listed  by  p, a ra meters. 

The  conip:irison  prof;ram  ranks  the  paranudei's  by  their  M.MS  drift  I'ate  effect, 
in  desceiidinn  order,  lor  each  indiiidual  c-alibration  and  intercalibration  comparison. 
T.ible  Is  lists  the  olorall  par.ameter  ranking,  for  (>ach  j^yro,  for  the  obseiwed 
intercalibrat ion  diflei'enc'cs. 

'The  par.imeters  Iheinsehos,  or  their  vari.itions,  do  not  present  a clear  fiicture 
of  the  n.Vf'>  performance;  however,  their  e(|uivalenl  ItMS  drift  ixites  do  jirovidc  an 
insight.  .Accoi-dinf>ly,  the  eiiuivalent  HMS  diaft  of  the  individual  paiaimetc'r  differ- 
enca's  weja'  tabulateil,  to);elher  with  their  overall  UMS  value  as  shown  in  Tables  1!» 
and  .aO.  The  e(|uivalenl  HMS  drift  rate  chan^;es  wore  rankc'd,  in  desctaidin;;  order, 
lor  each  );yro  and  the  listinjis  are  shown  in  'Table  .al. 


l AHI.I  t").  UKSn  rSOK  AXCI.K  AN’D  DHIKT  (’AI.IllHA'IION  I'KSTS; 

si; Kii:s  ( )i'  Koru  conskci  ri\ i;  'i'i:s'i’s 

(dyros  NAOOO')  and  NAOOKI) 


1 

lest 

Results 

Test 

1 

Test 

•) 

Test 

3 

Test 

4 

f H'crall 
rms 

NA-000;» 

An^tle 

Calil)  Residual 
nirads  rms/axls 

. 113 

. 107 

. Ill 

. 102 

. 108 

(’alih 

I’otal  Residu;il 
mrads  rms/axis 

. 173 

. 107 

. 159 

. 140 

. 100 

Drift 

Calib 

deg  nil s /axis 

. 017 

.014 

. 017 

. 018 

.010 

! Calih 

t 

l otal  Rate 
deg  rms/axis 

. 049 

. 047 

.045 

.047 

. 047 

r 

; N A- 00 10 

• Vnplc 

Calii)  Residual 
mrads  rms/axis 

, 071 

. 073 

.072 

. 073 

. 072 

Calib 

I'otal  Resi<iual 
mrads  rms/axis 

. 100 

. 096 

. 090 

. Ill 

. 100 

Drift 

Calib 

det'  rms/axis 

. 008 

. 009 

. 008 

.009 

. 008 

Calib 

I’otal  Rate 
(leg  rms/axis 

. 704 

.714 

. 706 

. 711 

. 708 
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lAiu.i;  Hi.  Dim  I'  I’AKAMi;  ri;i{  coMi’AiiisoNs  iu:  r\\ iDix 
SI  (•(■lissu  1-:  Dim  r cai.ihka  tions,  ho  na-oooh 


I’aiMtiiefer 

l’;i  l oiiietef  1 )iHereiu-es 

Mean 

i ; rror 

No. 

1 I'o  2 

2 I'o  2 

2 To  1 

1 )ille|-enee 

Soiii'ee 

1 

- .007-' 

.0017 

- .OOsC, 

- .00.70 

Case-l'ixed  Mias  (,\) 

• > 

• .002!l 

, 00  1 2 

- .0027 

- .0017 

('a  se  - I 'ixed  Mias  ( 7’) 

;{ 

- .0021 

- .0017 

. 0009 

- .0022 

Case-l'ixed  Mias  (Z) 

1 

- .oir.s 

- .0277 

.0277 

- .OOO.'i 

.'\c'eelei-ation-S(iua  red 

■> 

- .0002 

. 0 17  1 

- ,0(1(7 

- .00S9 

"('a\itv  I’rolaleness" 

t; 

. 001  1 

, 0 109 

- .0117 

. 0002 

X-7'  ('a\  it\  Sliapt  * 

- .0  1(02 

- .00(i7 

,0277 

. 0029 

Y Ca\  itv  Misali>;i  nient 

- .0027. 

, 0 1 09 

- .012  1 

, 0007 

X ('a\itv  Mi  saliutiineiit 

!t 

. 00  1'' 

- .OOsl 

.0  109 

. 002  1 

C.'ivih'  Shape  I'erm* 

10 

-1  . 107)0 

, 1 I2s 

1, 9017 

. .2122 

Z-(lro()\a‘  1C  1 2lh  Harm 

1 1 

. 0000 

. 0000 

. 0000 

, 0000 

X'l  rtical  Magnetic  Field* 

1:! 

-2.  .27)12 

2.  .212s 

1. 2497 

, 40.2S 

Z-Croove  K-  1 1th  ll.irm 

i:i 

- .0021 

- .002(; 

. OOsO 

. 0007 

'I'.S.  .Azimuth  lii’ror 

1 1 

.0101 

. 007s 

- .01  is 

. 00.20 

Z-Ser\-o  I'nbalanc-e 

1.-) 

. 0021 

- .000.2 

- .00.27 

- .OOOO 

X-7'  Servo  I'nbalanee 

Ki 

- .002.") 

- .0102 

.0  177 

. 0009 

X-Ser\'o  l-.Sp  Palti-rn 

17 

- . 01  1.2 

- .ooi:i 

. 0029 

- .00.22 

Y-Ser\()  l-Sj)  Pattern 

1- 

- .OOOS 

, 00  17 

- .0102 

- ,00  11 

Z-Ser\()  l-Sp  Pattern 

III 

- .''!.")} 

. 79s7 

,1192 

.0211 

Z-Croove  K-  0th  Harm 

'20 

- . 10.')0 

.0119 

. 24  10 

. 0.20.2 

Z-Croove  K 1th  Harm 

- . 0 2 1.2 

, 0 77s 

- .0S74 

- .0172 

Pi'ar-Shai)e  K Preload 

')) 

. 89  1.") 

, 0212 

-1. 7 IS  4 

- .207(i 

Z-Croove  K-  sth  Harm 

SA 

2.  s.")7s 

-2.  (il  1 I 

- .1212 

. 0 107 

Z-Croo\c“  K 10th  Harm 

2 1 

- .02^0 

. 0017 

. 007  1 

- .0172 

■Axial  .Mass  1 iibalanee 

2:> 

- .0121 

- .00  19 

- ,0707 

- ,()S19 

Croovc's  K-  1th  Harm 

20 

- ..27s.') 

, 01.20 

- . .22S9 

- .2.217 

Croov'es  N 0th  Harm 

27 

. 20  11 

. 70  12 

- . 77.22 

. Ills 2 

Ci'oo\-es  iC  sth  Harm 

2s 

1. 2709 

- .9.200 

1. 0402 

, KiO  1 

Croovc's  1C  loth  Harm 

2!l 

- . 1911 

-1, 729S 

1. 2722 

- .S7as 

(')roo\cs  N I2th  Harm 

:io 

- .0  1.27) 

1. 2221 

-1.  1 lls 

. 022.2 

( i roo VI'S  M 1 4th  1 la  rm 

:ii 

. 10.72 

1,2  124 

-1,1  1.22 

. 1017 

Croo\'es  (S.  loth  Harm 

22 

. 0029 

- .0007 

- .0199 

- . 00.77 

Pear  Shape  N Aec-eler 

:i;i 

- ,1111 

- .0.200 

. 1972 

.0177 

Croo\t's,  C 1C  2rd  Harm 

2 1 

- .0.2  17 

- . loso 

. .277S 

. 0710 

Croo\'es,  (')  iC.  7th  Harm 

.2") 

.011  7 

- . 1 

j 

. 10S2 

. 0 los 

Crooves,  C N-  7lh  Harm 

*I'irror  soui’cc  listed  is  ttu'oretical;  i.i., 


not  c'onl'irnit  d by  ('xperiment, 


I'Aiii.i;  17.  Diiii  i’  I’AiiA.Mi:  ri;K  comi’Aiusons  m;'i'\vi;i:N 
srcci'.ssu  i-:  DKII  l’ CAI.IliKATlONS,  (■.^■|{()  NA-OOIO 


I’arami'ter 

No. 

I’arai 

1 I'o  2 

lete 

•> 

■ lliffeia 
I'o  2 

net's 

:i  I’o  1 

Mea  n 

1 liffei’enee 

i : rror 

Source 

1 

. 0020 

- .0007 

. 00  1 7 

('ase-l'i,\ed  I’da.s  (Xi 

• ) 

. nni;2 

- 

. 0020 

. 0000 

. 00  1 1 

('a  .sc-  I 'i.xed  Idas  ( '»’) 

, nnr,2 

, 00  1 .7 

. 0017 

. 002m 

Ca.se-l'ixed  Bias  (Z) 

1 

- 

. nnso 

- 

. oon.s 

- .0  177 

-.  0.7.72 

•Aeeele  ra  lion -S(iua  red 

. > 

. nnr)0 

. 0 171 

- .on  1 1 

-.01  11 

'’('a\  itv  I’rolateiiess" 

<; 

- 

. dim;! 

. 00  111 

- .0071 

-. 0022 

X-Y  ('avit>-  Shape+ 

- 

. 00^2 

. 0072 

- .0020 

-,  00  lx 

7’  ('a\itv  Misalignment 

- 

, 00211 

_ 

. 00  111 

.0  127 

. 00  10 

X Cavitv  Misaliunmeiil 

i) 

- 

.0101 

.0100 

. 00  1.7 

.0017 

(’avit\'  .xhape  Term* 

in 

.0221 

- 

. 12112 

. 2 472 

. 0.70  } 

7.  -( i move  ill  1 2t!i  1 la  rm 

1 1 

. 0000 

. 0000 

. 0000 

. 0000 

\ ertical  Maj^etic  i it  Id* 

f 

. IIHIO 

- 

. 0X11.7 

- .OMIO 

. 0227 

Z.  -( 1 ron\(’  M 1 nil  1 la  rm 

i;i 

. 000  } 

, 001  1 

. 0000 

. 0027 

r.S.  .\/imutli  1-  rror 

I 1 

— 

. 00  10 

- 

.00  11 

. 002  1 

-. 001s 

Z-Ser\'o  1 nhalanee 

1.") 

- 

.01  IH 

. 002  1 

. 00  k; 

-.0010 

X -7’  Se rvo  1 nha lanei- 

ii. 

- 

. 0001 

, 0007 

- .0002 

-.(Kiln 

X-Sereo  1-Sp  Pattern  I 

17 

. ooon 

. 000  7 

- . OOx  1 

-.  027.7 

Y-Ser\'o  1-Sp  Pattern 

iH 

- 

. 00  .').■) 

- 

.0021 

. OOX  1 

. 0002 

Z.-Ser\'o  1-Sp  Pattern 

in 

. 2721 

- 

. 0(;(;i 

- . 1 170 

.0111.7 

Z, -droove  K 0th  Harm 

I'O 

.02  in 

- 

. on  1 1 

, 0.700 

-. 0021 

Z-drooee  Al-  1th  llarni 

21 

.0027 

_ 

. 0017 

, OOOS 

. 0020 

Pear-Shape  ((.  Prtdoad 

- 

. 12S7 

- . 2XS0 

-.  0 1.70 

Z, -droo\e  N xth  Harm 

2:! 

- 

. .7172 

. ixls 

. 201111 

-.  0 1 lx 

Z. -droove  K loth  Harm 

2 1 

.0212 

- 

, 0002 

- .0071 

. 00.72 

■Axial  Mass  rnbalanee 

2.") 

. 072  1 

. 01170 

- .0111.7 

. 020.7 

drooves  N 1th  Harm 

1 i>(; 

- 

. 20  10 

. lx  12 

. 21112 

. 0110.7 

drooves  N 0th  Harm 

27 

. 0.700 

. 7277 

. 7 12  1 

. 22  lx 

(IrooN'es  ^1'  xth  Harm 

. 10  1 1 

. 2227 

-1 . 10.711 

-.  2 1.77 

droo\es  N loth  Harm 

2n 

-1 

. 20711 

1 

. 01111 

-1.1  127 

-.  122x 

droovi's  K-  12th  Harm 

:!() 

- 

. 1071 

. 1072 

. X 1 711 

. 2020 

drooN’es  Y 1 Ith  1 la  rm 

21 

.7122 

- 

. 0 10  1 

. 011117 

. 2772 

droo\’es  N loth  Ha  I'm 

22 

- 

. 0011 

- 

. 0022 

. 00011 

-.0012 

Pi'ar  Shape  N .Aeeider 

22 

- 

. 0002 

. 0000 

. 0122 

. 0020 

droo\'es,  d N 2rd  Harm 

2 1 

- 

. 0222 

- 

. 02  12 

, OX  1 x 

. 00  |x 

(Irooves,  d N .7th  Harm 

:t:> 

. 00117 

. 0 1.70 

.0222 

-. 0072 

droox'es,  d Tth  Harm 

♦lA-ror  source  listed  is  theoretical;  i.e.  , not  confirmed  1)\  t'xperiment . 
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IWIll  i;  IS.  ( )\  KKAI.I.  I{ANK1N(;  ( >1-  l>A  li\  Mi;i'i:  US  l?V  UMS  DUII  ’I'  KI'I'KC'F, 

CVUOS  NA-00()<J  AND  NA-0010 


1 

C'.yro  NA-0000  J 

1 Cyro  NA-OOlO 

1 

Para- 

1 ; rror 

Par;i- 

j P rror 

lanl^ 

meter 

Sou  ree 

mete  r 

Soui’ee 

1 

2 1 

Axial  Mass  rnhalanee 

2 1 

Axial  Mass  1 nbalanee 

• > 

.) 

"(■a\  itv  Prolateness" 

27 

Crooves  y sth  Harm 

12 

r.  S,  A/imulh  1-:  rror 

0 

X-Y  Cavity  Shape* 

1 

22 

(ii'ocncs,  (1  N 2r(l  Harm 

• ) 

"Ca vit\’  Prolateiu'ss" 

. ) 

i\ 

N-Y  ('avit>-  Sliape* 

27, 

Crooves  y 1th  Harm 

ii 

27, 

(■iroo\'es.  Cl  N 7th  Harm 

20 

Croov’es  y Oith  Harm 

( 

20 

Z-Cii’oove  N Ith  1 la  I’m 

12 

r.S.  A/imuth  Krror 

2 1 

( iroovc's.  Cl  iS.  7,th  Ha  I’m 

20 

Z-Croo\e  y 1th  Harm 

!» 

27, 

Ci’ooves  K-  Itl)  Harm 

7 

■S'  Ca\ity  M isalitinnu'iU 

10 

21 

Pear-Shapi-  i!^  Preload 

s 

X Ca\ilv  Misali”nmtoit 

1 1 

27 

Cnxues  y stli  Harm 

0 

Cavih’  Shape  Term* 

IJ 

Cavity  Misalignment 

21 

Pear-Shape  y Preload 

111 

2 

Case-l’ixed  bias  (Zi 

2 1 

Crooves,  C y 7)th  Harm 

1 1 

1 1 

Z -S('r\  ()  I iihalanee 

2 

Case-l'ixed  bias  (Z) 

i:> 

•>•) 

Z-Ciroo\'e  y sth  Harm 

10 

Z-Croo\’e  y Olh  Harm 

Id 

10 

Z-Croo\e  y 12th  Harm 

27, 

Ci’ooves,  Cl  y 7th  Harm 

17 

21 

( ; roov’cs  y 1 0th  1 la  rm 

1 1 

X’ertieal  Mattnetic  Piild* 

is 

12 

Z-Croow  y 1 1th  Harm 

10 

X -Servo  4-Sp  Pattern 

10 

1 

Aei’cle  ration-SHua  rt-d 

20 

Croo\'es  y l’2th  Harm 

20 

S 

N Ca\ity  Misalignment 

22 

('ear  Shape  y /Veeeli'i’ 

21 

10 

Z-Ciroo\’t'  y-  0th  Harm 

1 

Ac’eeli’i’ation-Siiua  red 

0 

Cavih’  Shape  I'erm* 

Z-Croovi'  y sth  Harm 

22 

Is 

Z-Si'r\c)  t-Sp  Pattern 

22 

Z-Croove  y loth  Harm 

24 

1 

Case- Pixcd  bias  (X) 

12 

Z-CrooN’i'  y 11th  Harm 

27) 

17 

^’-Ser\<)  4-Sp  Pattci’o 

20 

Crooi’es  y 1 Itli  Harm 

20 

22 

Z-Cii’oove  y loth  Harm 

1 1 

Z -Servo  PnbalaiU’i' 

• ) - 

20 

Croo\’i‘s  y 12th  Harm 

1 

Case-  PixiMl  bias  (Xi 

2'' 

•} 

Casc-l’ixeil  bias  ('I'l 

is 

Z-Ser\'o  4-Sp  Pattern 

20 

20 

( 1 roo\’es  y 1 4th  1 la  I’m 

17, 

X-Y  Servo  Cnhalanee 

;)o 

22 

Pea  1’  Sha|)e  y Ac’<’eler 

21 

Crooves  y loth  Harm 

21 

d; 

X -Servo  4-Sp  Pattern 

•> 

Case-Fixed  bias  i Y) 

22 

2s 

Ciroo\’es  y-  loth  Harm 

10 

Z-Croove  y 12th  Harm 

22 

2ti 

C roo\’cs  y Ot h Harm 

17 

Y-Ser\’o  4-Sp  Paltern 

2 1 

17, 

X-'i'  Servo  1 nbalaiu’c 

22 

Croovc's,  C y 2r(l  Harm 

22 

1 1 

X'ertical  Magnetic  l iekP 

2s 

Crooves  y 10th  Harm 

l-rror  sou  ret-  listed  as  theoretical;  i.e 


not  cont'irined  by  experiment, 


r.\iu  I lit.  ii.ti  i\.\i,i:n'I'  nuii  'i’  liA'i'K  ciianc.iis  i!i:i\vi;i;n'  srccKssix  i-: 
null  I’  ('Al.lIiliA  riONS,  OYliO  NA-00!)0 


1 

1 Diri'i'renees;  !)('”■/ Hr 

( tveral  1 

1 'a  I'aniel  rr 

rms  - lypiiv. 

Pf|Ui\'. 

No. 

1-. nor  .'N)Uree 

1 to  2 

2 to  2 

2 to  1 

De”  Hr 

1 

Case-  1 i.xod  liias  (X) 

-.  OO.'il 

. 000s 

-. 0018 

. 0022 

•> 

Case-  1 ixed  liias  (^■) 

-.  002.7 

. 0000 

-. 0012 

. 001  fi 

Case-1  ixed  liias  ('/) 

-.  0072 

-. 0017 

. 0028 

. 0012 

i 

Ai  c'eli'i  ation-S(|Ua  reil 

-.  0017 

-.  00.21 

. 0021 

. 0027 

O 

"Ca\  i tv  1 ’I'olateness” 

-.  OOlih 

. 0020 

-.  01  17 

. 00!)0 

i; 

X-^■  Ca\ih  Shape* 

. 000  1 

. 0010 

0022 

. 0020 

7 

Ca\i('.  .Misalii;miienl 

-.  0017 

-. 0027 

. 00!)  1 

. 0002 

s 

X Ca\itv  Misali;;nn)ent 

-.  0000 

. 0072 

-. 0008 

. 0070 

I) 

Ca\itv  Sliape  Term* 

. 0020 

-. 0022 

. 0020 

. 0022 

10 

/-Cn>o\e  M 12tli  Harm. 

-.  0020 

. 0012 

. 0017 

. 002  1 

1 1 

\ 1 I’tical  Magin  tic  l ii  Id* 

. 0000 

-. 008 1 

. 0000 

. 0017 , 

12 

/l-CrooNc  (k-  I Ith  Harm. 

. 001  1 

. 0011 

-.  0110 

. 0072 

i:i 

r.  S.  A/inuit\  Crroi 

-. 0027 

-. 0017 

. 00  10 

. 0022 

1 1 

Z-SiM'vo  l iilrdatiee 

. 0010 

. 0022 

-.  0021) 

. 00.2  1 ! 

1.') 

X-*!'  Sci'M)  1 iibalanee 

. (tool) 

-. 0001 

-. 001  1 

. 0010  j 

n; 

.X-Sei'vo  1-Sp.  I'attern 

. 001  1 

-.  0012 

. 000!) 

. 0017  1 

17 

'f-S<'r\()  l-Sp.  I'atU'in 

-.  0070 

-. 0007 

. 0027 

. 00.22  I 

IH 

Z-Servo  l-Sp.  I’atleiai 

-.  0020 

. 0020 

-.  0017 

. 0020  1 

1!) 

Z-Croove  K tith  Harm. 

-.  0071 

. 0070 

. 0008 

.0011  1 

20 

/-Croo\e  K llh  Harm. 

-. 0027 

. 0010 

. 002  1 

. 0027  i 

21 

Pear-Shape  ^ Preload 

-.  0012 

. 0008 

-.  00!Hi 

. 0072 

22 

Z-(li'oo\e  ^ sih  Harm. 

. 001.7 

-. 0001 

-.  0020 

. 0017  ' 

2:1 

/-Croo\-e  K lOtli  Harm. 

. 0070 

-.0012 

-.  0027 

. 0017 : 

2 1 

■A.xial  .Mass  1 tibalanei' 

-. 00«2 

. 0002 

. 0028 

. 0072  ; 

27) 

Ci'oov  I S \ llh  Harm. 

-.  0001 

. 001)8 

-.  0012 

. 0077  j 

20 

Cirooxes  iv  Otli  Harm. 

-.  0012 

-.0012 

-.  0020 

. 0028 

27 

(iroovcs  it-  sth  Harm. 

. 0020 

. 0070 

-.  0M7 

. 008!)  j 

2H 

( Iroovcs  1 0th  Harm 

. 000!) 

-. 0027 

. 0027 

. 0020 

2!) 

Ciroo\('S  & 12th  Harm. 

. 0071) 

-. 0022 

. 002!) 

.0017 

:{() 

Croovcs  & Mtli  Harm. 

-.  0027 

. 007!) 

-.  007!) 

. 00) iO 

111 

Crooves  Hi  lOth  Harm. 

. 001 H 

. 0017 

-.  0012 

. 002!) 

:i2 

Pear  Sliape  & Acceler 

. 0008 

-. 0002 

-.  0018 

. 0028 

.•111 

Crooves,  Cl  lird  Harm. 

-. 0000 

-. 0020 

. 0181 

.0112 

;i  1 

Croo\’es,  Cl  & ath  Harm. 

-.  0011 

-. 0078 

. 00!)  2 

. 007  1 

L _ 

Croove's,  Cl  & 7th  Harm. 

. 0018 

-. 0021 

. 010!) 

. 00(i0 

♦Mrror  .sixirri'  listed  is  theoretical;  i.e. , 


not  confinmd  by  expi  riment, 


1 


I'Aiu  i:  :>o.  ix^ru  ,\i.i:x  r duii  i’  ua  i'K  ciiANciKS  lu:  r\\'i;i;N  si  (•(■lissiv'i-;  duii 'r 

CAl.IHKA  noNS,  C.YKO  NA-OOIO 


i No. 

1 iTor  Soiircf 

Dil't'erence'.' 

Dej;  Hr  rtJis- Kquiv  . 

< K-erall 
lir|uiv. 

Dep; ''  Hr 

1 to  2 

2 to  :i 

:i  to  1 

I 

(’:is(’-  I'ixod  bias  (X) 

. OOiiO 

-.  001(1 

-. 0004 

. 0020 

•) 

Case-  I'ixc'd  bias  (Y) 

. 002:1 

-. 0010 

. 0000 

.0017 

*> 

Case'-  I'ixed  bias  (/  ) 

.0021 

. 002(1 

. 0007 

. 0021 

1 1 

Aeeelerat  ion-sfiuared 

-.  001 1 

-.  00  1.") 

-.  007(1 

.004.", 

' T) 

"(’a\itv  I’rolatenoss" 

-.  00(1.") 

. 0121 

-. 0217 

. Oi  ls 

X-Y  ('a\ih  Sliape* 

-.  0()2(i 

. 00:10 

-.00:14 

. 00:10 

Cavity  iMisalijinment 

-.  0020 

. 002:1 

-. 0009 

. 001s 

' 

X Ca\  itv  Misaliuimu'iil 

-.  001:1 

-.  002:1 

. 0044 

. 0020 

Ca\  ih  Sliapi  I'erni* 

-.  0024 

. 0()2s 

. 0024 

.002.", 

ic 

'/. -Cifoove  iv-  12tli  Harm 

-.  OOKi 

. 0017 

. 0007 

.0014 

1 1 

\ frtieal  Magnitic  rield* 

. 0000 

. 0000 

. 0000 

. 0000 

12 

/.-( i roove  tv  l ull  llanii 

. 0004 

. 0010 

-. 0002 

. 000(1 

i:i 

r.  S.  A/.innith  i ;rror 

. 0027 

. 000(1 

. 0000 

.001(1 

1 1 

/-Servo  Cnbalatiee 

0010 

-. 0014 

. 0010 

.001  1 

i: 

X-Y  Servo  Cnhalanec 

-.  001:1 

. 0010 

. 00:12 

. 002 1 

i<; 

X-Ser\o  4-Sp.  I’attern 

. 0022 

. 000:1 

-. 0001 

. 0012 

IT 

Y-Servo  1-Sp.  Pattern 

. 000.", 

. 0002 

-. 0021 

. 001s 

1^ 

/-Servo  l-Sp.  Pattern 

-.  002:1 

-. OOOS 

. 004.", 

. 00:10 

10 

'/-Cii'oovt'  iv  dill  Harm 

. 0014 

-.  000.", 

-. 0017 

. 0012 

20 

/-Croove  K Ith  Harm 

. 000(1 

-. 001s 

. 0007 

.0012 

21 

I’ear-Shape  I’reload 

. 000.", 

-. 0002 

. 000!) 

. 000(1 

•)•) 

/-Croove  K xth  Harm. 

-.0004 

. 0010 

-.  00  ir. 

.001  1 

2:i 

■/-Croove  K-  loth  Harm 

-.  002:1 

-. 0000 

. 0009 

. 0')1.", 

2 1 

Axial  Mass  Cnbalanee 

. 000:: 

-.0001 

-. 0014 

.00.',4 

2.". 

Crooves  It  I’  Harm. 

.002s 

.001:1 

-.002s 

. 0024 

20 

Cl  moves  & (ith  Harm. 

-.  001  1 

.001:1 

. 00:11 

.0021 

27 

C move's  JL-  sth  Harm. 

. 00  is 

-. OOOS 

. 0010 

.0012 

‘>v 

(irooves  iL'  10th  Har-m. 

.0010 

-. 0014 

- . 0(K>() 

. 0029 

2!) 

Crooves  tv  12tli  llarTii. 

-.001.", 

. 001s 

-. 0007 

.001  1 

! :!(' 

Crooves  1 1th  Harm. 

. 0022 

. 000.", 

. oois 

.0017 

:ii 

Crofives  Kith  Harm. 

. ools 

-. 0014 

. 00 is 

.0017 

:!2 

I*ear  Sliaix-  Aeeeler 

-.0020 

-. 001 1 

. 0002 

.00  is 

;!:! 

(irooves,  C tv  iird  Harm 

. 004(1 

. 0000 

. 002.", 

. 00:10 

.'M 

Crooves,  C atli  Harm 

-.0022 

-. 0021 

, 00(11 

. 00.2!) 

Crooves,  C tv  7th  Harm 

-.  000.", 

-. 0014 

. 001(1 

.0012 

*l'.rror  source  li.sti'd  is  thcori'tic‘:il;  i.c.,  not  conti I'nu'd  by  i xpcrinu'nt. 
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I’AHI  I :.l.  ()\i:i{.\l  I liAN’KINC.S  ( ||  l>AI!AMi;’l’i;i!S  HV  i;(^ri\ A ij-:nt  DHII'I' 


liA'I'l-:  CIIANCil'iS,  ( A' li(  )S  N'A-OOO!)  AN  I ) N A-OO 1 0 


( ,vi-(i  \A-oi)i);i 

(ivrn  \.\-oolo 

I'lra- 

l‘,i  ra- 

l\inL 

lllelef 

1 iTin-  S(Piirei 

meter 

1 ri'iir  Sniiree 

1 

; ; ; ; 

( 1 r<  11  )\  1 , ( 1 \ I'd  III  I'm 

. > 

■'('as  ily  I’|■(l|■|lel1ess" 

L! 

. > 

■'( ' 1 \ ll  \ 1 ’ I'l  d II 1 Me  ' 

.A  \i.a  1 Mass  1 nha  la  nee 

. ) 

• 1 "* 

( 1 I'l  in\  1 - 'ill  111  nil 

1 

Aeceler.at  ion-Siiua  red 

1 

::  1 

< . ri  in\  1 ^ , \ .ll  ll  1 1 1 1111 

2 ' 

( i roiis a s K'  1 Oih  1 la  nn  j 

T) 

1 2 

/ -( . I'l  11 1\  1 \ 1 ll  ll  1 1 1 nil 

1 

( 1 nios'es,  ( ii-  7l h 1 la  nn  | 

1 1 

21 

1 ’i  :i  l -Sll.i |ii  1 ’ 1 1 1 II  I 1 1 

l.'l 

X-  7'  Si  • rs'ii  1 nha  la  nee 

;;.7 

( 1 I'l II i\  c \ 7l  ll  1 l:i  nil 

i; 

X-7'  Cas  ih'  Shapi  * 

- 

7 

(':i\  il\'  \l  ls:ili'.^limenl 

> 

.X  Cas  itv  M isal  iynmeni  i 

n 

:;o 

I 'i  i iiox  i ''  \ 1 nil  1 l.i  nil 

1' 

Z-Ser\()  1-Sp  I'aitern  1 

■ !M 

[!• » 

( ; nun  I s A llli  ll.i  no 

;;;i 

(Ironses,  (i  is-  .'Ird  ll.’irm 

1 1 

2 1 

.\s  i:i  1 \l:i  .<.'1  1 nli.'l  l.inee 

0 

(’a\it\'  Shape  Term* 

12 

'N 

C.'ivilv  M is:ili;j:nment 

2.7 

( 1 rons'es  Jv-  II ll  1 la  rm 

1 :: 

1 1 

\'ertie:d  MaKiutic  l ield* 

;i 

Case- hi  sell  lli.is  i/.i 

1 1 

10 

X-Ser\'o  1-S|i  lOillern 

20, 

(Irons'es  oih  Harm 

ir. 

J.  '•'* 

/-( 1 i'()()\'e  lot h 1 lo  nil 

1 

Case-  !■  i\e(l  Bias  iX) 

In 

20 

( \ nioNcs  iv-  1 21  ll  1 l:i  nil 

< 

7'  ( ' as  it  V M i sal  iyiiment 

17 

( ;i se- !■' i \cd  I’lias  ('/) 

17 

7'-S(  rsa)  1-Sp  I’aitern 

1 ' 

10 

'/  -( 1 1'liin  e j;,  Ot  h 1 1 :i  nil 

;i2 

Pea  r Shape  fl;  Aeeeler 

1!' 

1 ' 

/-.S'ei'vn  l-S()  /7'l(;erit 

‘1 

Case- hi  xed  Hi, 'i'l  <Yi 

20 

1 1 

’/ -Sel'VD  1 lllialailee 

:;o 

( i roos'es  is.-  1 It  h 1 la  rm 

21 

1 

Ca  se- 1' i \ed  l!i;is  (X) 

:;i 

( Iroos'es  1 0,1  h 1 la  rm 

17 

'|■-Sel■\■()  l-Sp  I’allern 

l:; 

h.  S.  .\/,imiith  1-  rnirs 

o 

('a\it\'  Shape  Term* 

•I  ■, 

» . 1 

'/-(',  rodS'e  loth  lla  rm 

2 1 

l:; 

r.  ,0.  .\/i  iiuiih  1-  n'or 

to 

/-( ; I'lxis'e  Is;  12th  1 la  rm 

2.". 

i; 

X-'i'  CavitN'  Shape'* 

20 

( ',  roos'es  K-  1 2th  lla  rm 

20 

::i 

( I l■(lll\■es  K-  loth  1 la  nil 

10 

X-Sers'o  1-Sp  Pitiern 

27 

20i 

( roin  es  A-  otli  1 la  nn 

10 

Z-Crniise  Ji.-  0th  ll.irm 

2“^ 

I’e.'i  I'  Shape  61-  .\eeeler 

27 

( 1 roiis'es  lA'  'til  1 i.'i rm 

2:t 

20 

Z-(l  roox'e  lih  llano 

O.) 

( 1 roos'es,  ( i ii;  71  ll  lla  rm 

:;o 

•>  ^ 

( 1 1'oiix cs  ii-  1 01  h 1 l:i  nil 

20 

Z-Ci  roos'e  lA  Ith  Harm 

:ii 

1 

.Aeeelel'at  i()li-Si|Ua  red 

1 1 

Z-Sei'S'o  1 nhalanei' 

1 

10 

'/ -( i riiov’e  is.'  1 21  ll  1 la  no 

•>•> 

Z-( ',  roos'e  61-  stli  1 la  rm 

22 

/-( i roiis  e ''1  ll  II  a nil 

12 

Z-C  roos'e  1 Ith  Harm 

i 

2 

Case-l  ised  llias  (Y) 

21 

Pea  r-Shape  M.-  Preload 

'if) 

1.') 

.X-\'  Sei'Mi  1 iilialanee 

1 1 

X'ertieal  Masnetif  1 iildo 

‘lirror  .S(hii'C<‘  listed  is  theofetieiil;  i.e.  , not  eoiifi  riiied  l>\'  I'xperinunt. 


211 


I 


In  sumiiKirv',  llic  lahiilMtcd  data  cnscinldc  appears  normal  when  compared  to 
similar  data  ensemhles,  and  tlie  two  ^yros  siiecessltdlv  met  the  repeataliility  test 
re(|ni  remenls.  The  overall  repea ta hi  I it  ies  a re  summa  ri/ed  in  I aide  a li. 


r.\ni.i  :.2.  t )\  i:i!Ai.i.  simmakv  oi  ancli.  and  Duii  r cADiDUA  rioNS, 

C.VUd  NAOdd'.t  AND  NAOOlO 


■Anyle  ( a 

lidralions 

MKADS  Axis  - KMS 

( i vro  No. 

Mean 

Std.  1 )ev 

NA-oiio!t  j 

. lUs,-} 

. Oft  l!l 

N.\-uul(i 

.0  72:1 

. 0(1 1 2 

I )ri  rt  ( 'a  I ihrations 
Deu  Hr  Axis  - HMS 


Mean 
.01  f>a 

. 00s.-, 


Std. Dev 


, 002.") 
. OOOti 


.■!.2.2  Non-dest  ruet  idle  Kotor  and  ('a\  it\’  Tests 


The  task  to  conduct  non-dcst  ruct  idle  rotor  and  ca\  it\’  tests  was  (hdelecl  Irom 
t he  cont  raet  per  Kid' 

:i.  :t  "TASK  2.  .1,  SYS'TIM  1 .A  I’.i  )KA'T(  )K  Y T T S'T 

The  pui  pose  oi  this  task  was  to  iurw-tiotvally  test  the  T I'M  to  demonstrate 
complianco  with  the  |•e^|lli  rements  ol  the  system  specil  icat  ion.  I'pdatcs  of  hardware, 
softwari  , and  or  doiaimentation  as  a result  of  idrinees  necessitated  liy  these  ladora- 
tory  tests  weia'  to  de  performed  undei'  this  task. 

This  task  was  di  leted  from  the  contracd  per  Kel  .a. 

1 I .\SK  2.  1,  M(  )K.I  I f d f S'T 

The  pul’pose  of  this  t.ask  w as  to  conduid  modile  tests  on  the  f I’M  to  determine 
the  sensitixitv  of  the  INt  pei'lormance  to  low  speed  transhation  o\er  tlu'  earth's 
surfaiaa 

I his  task  was  di  leted  from  the  cont  raid  per  Kid  ."i. 
l.\SK2..'.,  ( I IN  I K.\Ct  ( »K  f 1 d(  i I TT  T f S'l 

I hi  purpo-i  o|  this  t.ask  was  to  llit;ht  test  the  f I’M  to  deteianine  the  sensitivity 
ol  till  INI  pi  rliii  iii.ini  I to  ,1  "hinh  jie rfoi  in.ance"  aircraft  environment. 

wa-  deleted  trom  the  contract  (ler  Kef 


I hi  ta 


SECTION  IV 


TASK  3,  SUPPORT  HARDWARE 

1.1  iamn:;.!.  iM  ;iNi-:i:iiiN( ; ll•:sl  K(.)Iii>mi-:n  i 

I 111'  [HI  I'pi  (il  I hi  s 1 :i.sK  w ('  I'c  1 1>  i lesion,  dev  cl  op,  l.'il  i ri  c;it  c , :i  nd  prccu  I'c  the 
I'liKiticci’ini;  [(xditiL;  .-ind  lest  c(|iijpnicnl  rcijuj  red  l o design,  hiliricMlc,  intcur;ilc,  :iiid 
Icsl  the  l-.'l'M. 

I.  1.  1 Solt\\;ii’c  I'cst  Sliilidti 


The  S(dl\\:ii'c  Test  Station  is  r('(|iiit\'d  Inf  the  de\('lnpmenl  and  eheeknilt  of 
MI('H(»N  ope  fat  inna  1 soTtwafe  pfioflo  MI('K(>N  svsiem  le\(d  testing. 

The  MlCKtiN  I’foeessof  Test  ( 'onsole  and  t he  MICRtiN  I’roei'ssor,  doth 
de\  (doped  undef  AT  Coni  fact  T'.'t.'tfll  .T-TL’-C-l  i;7  1 wefe  modiTie(l  Ion  lliis  punpose  in 
ofdef  to  mi  ni  in  i / (■  the  I’hase  2 I!  eont  fact  cost  s and  to  provide  soTtw  a re  I est  in>> 
laei  lit  ies  prior  t o t he  a\:ii  lain  lit  v ol  M l( ' IP  )N  DIM'  ha  rdu  a re. 

Idle  MICUtiN  I’roeessor  Test  Console  is  a Iwai-hav  (anisole  eontainintta 
Processor  { dm  lad  Pamd,  Processor  Po\v  er  .Siipplv,  Core  Meniorv  Pow  er  Snpplv, 
M1CK()\  Processor  (CPCi,  and  interconnect  caldiii”.  In  addition,  a DiK  Core  Menioi'v 
and  a Paper  Tape  Reader,  hol/i  .Aiitofiet  ies  eafiit.i)  (-(fuipnu'nt , :iri‘  used  vvidi  die 
MICIPiN  Processor  Test  Console. 

A block  diagram  of  the  Soltware  Test  Sttition  is  shown  in  I'i^nrc  So  and  a 
photonraph  of  the  Test  Sttition  is  shown  in  I it;nre  M(i.  Tlu  Processor  Control  Itim  l, 
shown  in  I it;nre  s7,  is  the  heart  of  the  tt-st  console  tind  prov  ides  tntinv  functions. 

Soini  of  the  major  functions  are  described  lx  low; 

1.  I ape  Retide  r Coni  rol.  Control  Sw  itcdies  a re  prov  iihal  to  sta  i1 , stop,  and 
rewind  the  tape.  Two  vcrilv  inodes  are  .avtiilable.  In  doad  \erifv",  I he 
d.ata  is  re.ad  I rom  the  tape  stored  into  memorv,  then  reread  and  compared 
with  the  data  read  I rom  tape.  The  "Tape  \'crifv"  mode  causes  the  dtita 
previouslv  loaded  I rom  ttipe  to  be  retid  tiiid  compaiaal  anainsl  the  d;it;i  bciii”; 
re.ad  Irom  tape  on  the  second  ptiss.  .An  error  in  either  modi'  will  slop  t lu' 
reader  and  Unlit  an  error  lamp. 

2.  power  Control.  The  conind  panel  has  the  switches  ;ind  controls  to 
se(|Uence  power  on  oil  to  the  (iroci'ssor  ;ind  to  provide  initiali/tition  sinntils. 

Il.ill  Compute.  The  control  panel  has  .a  ll.Al.T  ('(tMPC  TP  switch.  Whi'ii  in 
"C(  ).M  Pril-;”  t he  processor  opei’titcs  norimillv  except  that  data  enl  rv  into 
main  memory  ctin  be  ttccomplislicd  from  the  keyboard.  When  in  "li.Al.l," 
the  jiroccssor  is  aiilonKilictilly  stopiied  at  the  completion  of  the  I'Xi'eution 
ol  ;in  instruction.  Wlien  in  "IIAI/T,"  llu'  oper.ntor  may  rend  w rite  main 
memorv  and  displav  CPC  refHsters. 


21.3 


!•  iRuri'  'H.).  Soft  \\  a re  Tcsl  Station  lUock  Diaufam 

1.  Sin”l('  Instruction  Stci>pintt.  While  in  "IIAI/I"',  the  control  paiu'l  cam 
cause  the  iiroc-c'ssor  to  execute'  exactly  one  instruction  lor  each 
aetication  of  a pushhutton  see  itch. 


CPI  Heijister  Display.  The  eont  rol  jianc'!  contains  the  nc'cessary 
controls  and  setiuencdnp,  to  display  the  CPC  i-egisters.  In  addition, 
the  control  panel  ean  dis])lay  memory  address,  memory  data,  and 
keyboard  entries  as  they  arc*  keyed. 

'■>.  Direct  Memorv  .\ccess.  The  control  panel  has  the  capability  to  read 
li-om  or  write  into  the  jirocessor  main  memoiw'.  Initial  pro<;ram 
loading  isover  this  DMA  chaniu'l. 

7.  Memory  Address  rrapi)inK.  I'he  c-ontrol  panel  includes  a stoi)  on 

address  agreement  tnodc.  When  the  selectc'd  addrc'ss  is  eneount  c'l’c'd, 
a scope  synchronizing;  ixilsc  is  ;;(>nerated,  or  tiu'  proc'cssor  is 
haltcil  and  the  "IIAI.T"  lam))  turned  on.  The  sc'lc'etion  bedween  these 
two  o|)tinns  can  be  made  by  the  oi)eratoi’. 


I hr  1 1 'S!  Coiisdlr  u :is  iii'<lal  ril  lo  iiu-hiiir  liincl  ions  I (sin^lr  insi  I'licl  ion  rxrciit  ion  i 
:m>l  .)  (('I’l'  rriiisirr  iiispl.ivi.  The  I’rocrssoi- u as  rrlui'l)ishril,  iiixIatrH  and 

idu'rkrd  out  loi'  propri'  operation  in  tlir  Irsl  Station.  Maior  modi  lirat  ions  \vcrr:  (at 
replarrment  ol  fi  \ r m ic  rop  ro^  ra  m H<iM's\\ith  l{(  )M's  containing  iiprlated  DIM'  inst  rtic- 
tion  set;  do  (dianurs  in  the  input  output  section  to  make  it  eompatilde  with  the  new  I’K) 
desioti.  Doth  ehanwes  re(|iiired  modifications  not  onh'  in  t lie  CIM'  lint  also  in  the  I'ro- 
eessor  I'ont  rol  I’amd . In  aiklit  ion,  ei  reuit  vv  was  designed  and  added  to  the  I’roeessor 
Control  I’anid  to  provide  hard  eopv  printout  eapaliilitv  via  r(detype  Tei-minal. 

rhe  procH'ssor  (CI’C)  used  in  tlu'  Software  Test  S'tation  had  been  mecliani/.ed 
with  beam  lead  deviees  on  '2.  in.  by  2 in.  open  hybrid.s,  and,  therefore,  presented 
eontinuous  maintenanee  problems.  Therefore,  it  w:is  deeided  to  aecclcrat e t estin” 
of  the  spare  MICRON  CRC  and  use  it  to  replaee  the  existin;;  CRT  in  the  Software  Te.st 
.Maiion  until  eomiiletion  of  tlu'  first  DPI  . This  required  tlie  fabrieation  of  an 
ailditional  test  fixture  for  the  CPC.  In  addition  to  allevititinw  maintentinee  problems, 
this  ehany.cover  offers  another  siwnifieant  advantage  in  tint  the  Software  Test  -Station 
and  the  DPI'  Test  Console  have  identical  eaiiability  and  can,  therefore,  support 
either  activity.  The  modification,  ineludinw  the  fabrieation  and  test  of  the  test  fixture 
was  eomiileted  in  less  than  thrc'c  weeks,  resulting  in  minimal  down  time  of  the 
Software  Test  .Station. 

1.1.  J licet  ronies  Test  laiuipnu'nt 

This  task  ineludc's  all  the  tooling  and  test  cKtuipment  design,  fabrieation  and 
test  for  functional  and  screen  tests  of  2(i  hybrid  nuKlule  t\pes,  functional  test  of  the 
Charye  Amiilifier  Ml. IPs,  SKI"s  1,  2,  :>,  1,  the  Converter  Module  Ml. IPs  and  the 
Power  Miiiplies.  1 ,ible  j^ives  a list  ol  the  siiecdal  tooling  labiaeated  foi-  module 
assemblv.  A summarv  ol  all  the  test  fixtures  fabricated  is  shown  in  lable  ."il. 

IMieh  h\  brid  test  unit  provides  the  e;ip:ibilit>’  of  testint;  the-  hybrids  at  -•'i.'i^C, 

and  operatini;  temiierature  ((;.'!<'('  foi-  some  hybrid.s  ancl  TP’C  for  otluM's). 

Actual  svstem  loads  and  signals  have  becm  simulated  as  edosedv  as  possible  in  the 
test  lixtures.  I'esi  speei I i eat i ons , w hitdi  prov  ide  inst  ructions  for  t he  use  of  t he  t c'st 
e(|uipmeni,  a I'e  listeil  in  .Appendix  C. 


r.Aiii.i:  .'ki.  spKciAi.  roor.iNc  fahrica  ri:i)  fck  modi  i.f  AssKMiii.v 


It  mn 

Desc'ription  1 

1 ,ead  1- orm  fool  (2  1 1 - 1 1 

forms  leads  foiM)utterlly  - tvjX' 

hybrid  i)aekaj;i's  | 

llanti  form  1 oid  (2  1 1-2) 

Foi'ins  leads  for  t ransfornu'i’s 

! Ilatiil  form  fool  (21  1 -2) 

I'orms  leads  for  eomniereial  .M().Sand  1 

inteui’aled  ei  i-euits 

.Alignment  lixture  ;(nd  domino 
for  hvbi'id  packages 

Aliens  paeka^tc,  pridorm  and  cover 
while  sealing  and  kec'ps  paeka);('  from 
mov  ine  . 

I’Alil  1 -.1.  II^HI<1I)A^•|)  MI.H  I TNC’I'K  )NAI.  AN  I ) S( ' UK  liN  I’KST  KC^II  l>M  liNT 


ll  cm 

Qiy 

Comnu'nts 

Power  Dist  rihut  ion  and 
; Tempc'initui'e  Cont  tad 

Knit 

(i 

Interfaca's  witli  Koad  and  Si;^'nal 
Cicnerator  'Tc'st  Modules  for  all 

Hybrid  ty)tes  exc-ept  Cliarffe 
Amplifiers 

1 ll\l)rid  rempt'rature 

Cont  rol  Heater  llloeks 

! 

Interfaca'S  with  l.oad  and  Siftnal 
C'CiK-rator  'T('st  Modules  and  Power 
Distribution  and  Temperature 

Control  Knit 

I’owcr  Distribution, 
Temperature  Control, 
and  Simial  CiciK-rator 
for  Cliarp,e  Amp  Hybrids 

1 

Interfaces  with  Chartte  Amplifiers 
Koad  and  Sifinal  (ienerator  lest 
Module. 

A D Con\  (>rter  MOS 
j Circuit  Test  Knit 

1 

rtili/('d  for  siiecial  tests  associated 
with  tlie  iJaekatted  M()S  A/D 

Com  ('11  er  circuits 

Spin  Motor  Powt-r  Am|) 
Mt  >S  Cijaaiil  I’esi  Cnit 

1 

Ctili/.ed  for  tests  on  Siiin  Motor 

Power  Amjilifier  MOS  circuits 

t^UIAi^v-Mi;  TC.  MOS 
Circuit  I'est  Knit 

1 

Ctili/ed  for  functional  tests  on 
(^Ul'Ci  MK'l'Ci  MOS  circuits 

[ I, adder  Network  Test 
; Knit 

1 

1 

Ctili/ed  to  ('valuate  accuracy  of 
K‘!-l)it  ."iOK/  lOOK  ladder  networks 
which  arc  used  with  the  A/D 
Converter 

Cliaruc  Amplifier 

1 leetiamies  Assy  M KH 
Test  Knit 

1 

l’tili/('d  to  functional  t('st  C har<;e 
-Amiilificr  lilectronics  Assy  MKH 
which  contains  s Cliartte  Amplifiers 
and  lO  transformers 

: Spin  Motor  lileetronies 
Assy  Test  Knit 

1 

I'or  functional  test  of  Spin  Motor 
^,']ectronics  Assy 

1 

Hinli  XAdtat-e  Switeb 

M I. H 'Test  Knit 

1 

for  functional  test  of  Hitth 
\’oltat:e  Switch  MKH 

SKC  1 and  2 MKH 

Test  Knit 

1 

Kor  functional  test  of  SliC  I 
and  2 MKH's 

SKC  :i  MIJ!  'l  est  Cnit 

I 

I'or  functional  test  of  Slit’  ,MKH 

1 SKI'  1 MKH  Test  Knit 

Kor  functional  test  of  SKC  I MKH 
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I'AIU.]-:  •■)l,  f('ont) 


Item 

Com  iTt  iT  l!l(‘c(  follies 
Mi  l?  lest  I nit 

I’ow  el’  Supply  I'c's!  I'llit 


l?urn-ln  Moduli'  Xo.  I 


l?urn-ln  Module  No.  2 


l?urn-ln  Moduli'  No.  :? 


l?urn-lu  Module  .No.  1 


(jtv 

1 

1 


Ciininienls 


I’or  ruiielional  test  of  Come  ft  er 
Module  Ml.n 

I'or  fuiietioniil  test  of  Power  Sup|)ly 
Modules.  Coni  :iins  load  lianks 
sinuilal inti,'  system  loads. 

Hums  in  Is  Cliart;e  Am[)  hylirids 
simultaneously  with  tiower  api>lied. 

Mums  in  the  follow  in”'  hybrids  sim- 
ultaneously with  (lower  a|i|ilied: 

Hybrid  ( jty 

Susiiension  Timinp,'  Cionerator  2 

MCM  Demodulator  2 

MCM  Demod  .Samiile  tC’  Hold  2 

S[)in  Motor  Controller  2 

Sample  it'  I lold  Cia|i  Sum . I 

Mums  in  the  follow  inti  hybrids 
simultaneously  with  (lower  a(i(ilied: 


H\ brid 


(^ty 


Sus()ension  rimin<i  (lenerator 
Preeision  Xtal  Osc'CHpi 
Monitor 

Differential  Am|)/Noteh  Filter 
Modulator 
A/D  Converter 
Siiiueneer  ,\o.  2 


1 


D.C.  Kef  at  Preload  Modulatoi’  1 

Mums  in  the  followin'^  hybrids 
simultaneously  with  (lower  ap(ilied: 


Hybrid 

I'enpierature  Controller 
FM.\  Si(>nal  Filter 
Spin  Motor  Power  Am(i  & 
l.oRie 

Secjueneer  No.  1 
Multi|ilexer 


(jty 

1 

1 
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l-AiU.K  r,4.  (Cont) 


lUira-  lu  Mdilvilc  No. 


t'harm'  Amplilici'  M l.H  1 
Much  lii  ;mil  1 lumsic  iu 
Cilitch  In  icc'iiir  1 nil 


I’ow  ci'  S ippl\  Mui'u  In  1 

I nit 

('liai'ui'  .\nipl ilicr  Load  1 
and  Signal  (’icnccaloi'  Tcsl 
Miidul  (■ 

Si‘i‘\()  Network  Load  and  1 

Sittntd  deiierator'  i'est 
Modiil  e 

Dill  Amp  Not(d)  Ki lt('r  Load  1 
and  Signal  t’lcneralor  1 (‘st 
Module 

Ml  M Dt'tnod  load  anil  1 

Sii^nal  Cieneralor  Test 
Module 

M(M  iJemod  Fillei’  Load  I 

and  Sij;nal  (leneralor  l est 
Modide 

Modulator  Load  and  Sinntil  1 

lieuei'ator  Test  Module 

Midliplexi'i-  Load  and  1 

Si^^iKil  Cieiierator  'l  est 
Module 

Ml  M Deinod  S II  Load  I 

and  Sinntd  (leneralor  'l(‘.st 
Module 

S, ample  & Hold  (Lap  Sum-  1 

million  Load  and  Signal 
(lenei'iilor  Ti's!  Module 


Comments 


Mums  in  the  lollow  intt.  In  lirids  simul- 
t.aneousle  w ith  power  .ajiplied: 

Hybrid  C^tv 

S\  nehro  Mile  2 

S\  nehro  Midler  Amp 
S\  nehro  Keteri'nee  (lenei'alor  2 

S\  iiehro  DAC  2 

l)A('  Amp  I 

Murns  in  two  Chari;e  Amp 
Chartfe  Amp 
Kleeti'onies  Assv  Ml.M’s 
Simul  taneously 

Mui-ns  in  ii  complete  set  ol  power  suppl\' 
boards  ineludinj;  Hi^h  \’olta}t,e  Switcdi 

Interl'iiees  w ith  hybrid  eireuit  and  pw  r 
List  & Temp  Cont  I'oi-  I'unetionnl  li’sl. 


InliaMitees  w ith  lu  brid  eireidl  and  pw  r 
Hist  it  Temp  Cont  lor  I'unetional  test. 
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I'Alil  I.  ')l.  (Concludid) 


Itian 

C^ty 

C’oiniiu'iits 

D mpl  1 1 lef  1 ,o,ad  & 

''ienal  (haK’rator  fest 
Mo.lule 

1 

bUeiMaca’s  with  In  brid  ciiaaiil  and  I'wr 

Dist  & I’einp  Cont  loi‘  lumaioiud  test. 

Spin  Motor  Dow  la'  Dri  am| 
I.oeie  l.o.ad  (C-  Sit;nal 
( ii an  laitor  Test  Module 

1 

Interftiees  with  hvbrid  circuit  and  Dw  r 

Dist  &■  1 (an|)  Cont  lor  luiu  tiona!  test. 

Ladder  Net  .\ orl<  Test 
I’ixtuia' 

1 

I’tili/cd  for  chcckin;a:  accairacy  of 
ladder  networks. 

1 . 1 . 1!  I ) I’l'  lAi^inci'iin^  I'csl  lAiuipmciii 

I lie  DIM’  iMiiiinccritiK  Icsl  i'((tiipnicnl  dcsii^tX'd  .iiid  l,dii’ic;il  crl  iindci'  l!ic 
I’b.isc  i!Ii  ri>ntl‘;ict  ( ('lisists  ol; 

1.  I*r  rloi'iiKincc  l)();ir(ls  Idi'  cMcli  DIM’  module  lo  adapt  these  mc'duh's 

to  ati  eMstnt”  Diuilal  Aaloma! ie  lest  {'.({iiipiufiU  d)A  I J-D  aud  a common 
test  adaptef. 

'2.  DIM’  rest  Console  simi  la  f to  1 he  test  console  in  the  SoUwafe  l est 

Station  with  a text  lixtitfe  lof  moitnl  in;;  t he  DIM’  hoafds  and  the  inteilaee 
lioa  rds. 


rh('  eneineerint;  eht'C-kout  of  the  thrt'o  DIM’  moduli'S  w;is  aec()mi)l i shial  usin;; 
the  existing;  Dit;ilal  Autoimitie  Test  l iquiinnent  (DATK).  Tliis  pic'ce  of  t est  e<iuipment 
is  ati  Autoneties  built  testcf  which  w;is  dcsii^ncd  specifically  for  testing,'  MOS  compon- 
(Mits  ;md  mo<lules.  It  jirovidcs  up  to  PM  chtinncls  of  stimuli  tind  (am  test  for  !hi  chtinncls 
of  responses.  I'hese  stimuli  ;md  resitonst' lines  ;tro  t;roitpcd  into  12-bit  bytes,  liach 
stimuli  InMe  is  i)r()t;rammable  for  both  ’’/ero''  and  "onc"lot;ic  amplititdes,  and  timin;; 
rehitivc  to  tin-  four  clock  phtiscs  may  lx-  stii'>ul;ited.  lAich  la-sixuisc  byti-  is  also  pro- 
t;r;imm;ible  .as  to  minimum  "I"  levels,  maximum  "M"  levels,  ;itid  samiditit;  jx'riod. 

In  addition,  volt:it;e  levels,  clock  timplitmle,  turn-on  :md  turn-off  t imes  of  all  rcaptired 
clocks,  fre(iuency,  ;md  l(‘st  kaittth  ;ire  all  proprammabl(>.  The  tt'stt-r  c;m  ititerfacc- 
with  either  TTl.  or  M(  )S  circuits. 

1 hree  perlormama'  c.ards  lor  module  test  were  designed,  one  lor  each  DIM’ 
module.  I hese  cards  contain  buflerin;;  lor  scdected  signals,  ami  other  interface 
ciiaaiitrv  uni<|ue  to  the  module  under  test.  common  .adapter  c.able  was  desit;mal  to 
int<'rl;i(a-  the  perloian.ama-  (airds  with  the  D.\  I’M  s\stem.  |■■i^;\lIa'  S.S  shows  the 
perlotan.a nee  (aitvl  .and  the  .Memorv  .Module  in  use  with  D.\  I M. 
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I'hc'  DIM'  I'l'sl  t’onsoU'  is  I’unctionally  idc'nlical  to  tlic  oiu'  used  in  the*  Software 
I'l'st  Station.  A system  test  fixtiiix*  pro^  idinj;  nieehanieal  support  anri  elect  rieal 
intei’eonneet ion  for  DIM’  module's  and  their  interfaet'  modules  was  desifined,  fahrietiled 
and  lestc'd.  The'  two  interface  module's  (C'lM’  inlt'i'faei'  and  I ()  int('rfaec')  weix'  also 
desifiTird,  fahrieate'd  and  tested.  Both  hoards  contain  I'  l l,  c'ireuits  in  DID  pac-ka^es 
irlutttt'ed  into  a wire’  wrap  module.  The  C’lM’  inte'rfaee'  module'  prerxieles  e'lere'k  eii'C'uitry 
anel  interface  hetwe'cn  the  C'lM'  anel  the  eerntrerl  panel.  It  is  used  in  the  (.'DT  anel  CDIT/ 
memerry  testing'  of  the'  DIM'.  The  l/O  inte'rfae'e'  hoarel  is  used  ernlv  when  the'  DIO  herarel 
is  (duftiied  into  the'  test  fixtui’c.  It  prervieies  w raparexind  erf  DIM'  erutputs  ter  inputs  to 
facilitate'  DIM’  self  tests.  Fif>\ire  89  shews  the'  test  fixtui'e'  with  DDT  anel  the  interface 
Ireeai'ds.  Both  intei'fae'e'  herards  use  wiele  temoe'rature'  eompernents  ser  as  ter  allow  the 
e'omplete'  test  fixtui'e'  to  be  installeel  in  the  te'mireratui'e'  e'hamhei'  for  tempe' I'atui'e  testing 
of  the  DIM’. 


I'igure'  89.  DIM'  Systi'm  I'l'st  Tixture'  with  DDD  anel  Inte'rfae'e'  Boai'ds 
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riu'  (l(_'si”n,  l';il)ric-:i lion,  and  ti-stin^;  of  llu'  DIM'  lini’inc'orinn' Ti'st  liriuipnienl 
was  c’onipU’lc-d  in  Ai)ril  IDTii  and  was  succossl'iilly  nsod  in  DIM'  module  elieekout  a ntl 
DIM'  inte;’ I’ation  testinji.  In  IH'ei'mhc'i’  IMTii,  the'  DIM'  system  tc'st  fixture'  (shown  in 
I'it>uri'  89)  was  modified  to  allow  more  aeeiirati’  leslin);  of  the  DIM’  at  hit;h  temperature, 
the  DIM'  tc'mi>i'rature  ti'sts  are  diseussed  in  Para  2.  1.7  alonj;  with  a more  detailed 
diseussion  of  tiu'  test  fixture'  modific'alion. 

1.  1.  I I'l'st  Aids 


The'  I'e'St  Aids  d('si);ne'd  and  falerie'ate'd  to  support  f.  PM  inte'^ration  are'  liste'd  in 
fable'  a.a. 


'rAnr.K  .'3.'3.  tkst  aid.m 


Qtv 

Part  .\e). 

DeseriiJtion 

;i 

10070-727-1 

.■Moelule  ICxte'neler 

1 

02S(;I  -727-1 

.Me)eiule'  lixtrae'te)!’ 

I 

02^01-727-i  1 

Module'  ICxtra ete) r 

1 

IOOi;2-i'27-l 

Cieee'i’/.  Cable'  (Cdmbal) 

10002-727-1 

(0)0  1’/  Cable  ( liase) 

1 

lor)ls-727-l 

CPC  Pin  St rai);h toner 

1 I 

10.717-727-1 

CPC  Honmxal  Tool 

1 

10.710-727-1 

Power  Supply  lAte'iider 

1 

1071 1-727-1 

II.  Switeh  l■.xte'nde'r 

1.  2 TASK  : 

, 2,  l.\r  FKS'f  S’fA'floX 

The'  (nirpe)se's  of  this  task  we'i’e'  te)  pre'pare'  a S|)e'e'ifie'af ie)n  feir  an  IM'M  Syste'in 
fe'St  Station  (SfS)  and  tee  fk'sinn,  de'\e'lop,  falx’ieate',  anel  inte'nrate'  enu'  I!  PM  S I'S. 

I.  2.  I S I'S  Spe'eifie'ation 

.A  Cl  spe'e'ifie'ation,  .\  I0(>09.‘{,  was  pre'pare'd  to  de'fine'  the'  I PM  SI'S  e^eenfi^uratieni 
and  signal  inte'rfae'e'.  I'his  ae'tiv  ity  was  e'eimph'te'd  in  De'e'e'inhe'i'  IMT."), 

I.  2.  2 I . PM  S rs  Configuration 

De'sinn,  ele've'lopme'Ut,  fabrie'ation,  and  inte'^iatieen  e>f  the'  liPM  System  fe'st 
Station  was  e'omple'te'd  and  the'  f.  PM  S I'.S  was  sue'e'e'S.-.ful Iv  use'd  in  inte'); I'atiem  eif  the' 
fP.M. 


The'  !•  P.M  SI'S  and  its  inte'rfae-e'  with  the'  av  ionie's  and  e'apital  e'eiuipme'Ut  is  de'i)ie'te'd 
in  f igure'  90,  |,PM  System  I'e'st  Station.  ( iov e' i-nme'nt  furnislu'el  e'eiui|)nu'nt  (CKId, 
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t;ik('n  I'roni  llu-  I'hnst-  2.\  (ISA  I'cst  Station,  is  also  ifiontiricd  since  one  of  K I’M  STS 
ol)jei'tives  was  to  make  maximum  utilization  of  C.FK  from  prior  MK’KON  eontraets. 

rile  l.l’M,  l U^,ht  Hack,  Battery,  Cooling  f an,  and  (MU’  Memory  Adapter  a re 
phvsieallv  mountt'd  to};ether  on  a table  mounting  adapter  which  is  eompatihie  with 
either  the  manual  or  automatic  (Coer/i  tallies.  Short  adapter  cables  are  permanently 
attached  to  tlu-  flight  rack  in  onk'r  to  facdlitate  wiring  and  to  provide  a (luiek  dis- 
connect eapaliility. 

A discussion  of  the  major  eompoiumts  of  the  S TS  is  ^iven  in  the  following 
pa  ranraphs. 

1.11,2.  1 (’l)r  Mi'inory  .Adapter  (also  see  I’ara  2,.‘!) 

The  ('l)l'  Mimiory  .Adapter  provides: 

1.  A IbK  woni  (1(1  biti  eori'  memory  and  the  necessary  adaiition  circuitry 
required  to  make  the  memory  electrically  compatible  with  the  KP.M. 

2,  .A  bit  parallel  chaniKd  which  can  drive  either  a printer  (located  in  the  Di’l 
Control  Console)  or  a 1II’2100S  Comiiuter.  This  channel  allows  for  data 
gathering;  and  FI’M  ealiliration  without  dependin<>  on  the  1 rif):}  data  lius 
interface. 

,A  eompatibh'  serial  lOOK  iiit  serial  channel  eaiiablc'  of  interfaein)>-  with  the 
Nri7.\  CDC. 

I,  .A  continuation  of  the  signals  required  for  operation  of  thi'  Computer  Control 
Panel  (CCPi  located  in  the  DPI  Control  Console. 

f).  .\  j)ow(‘r  supply  and  powc'r  control  for  all  internal  circuitry  iiududin^-  the 

Piemorv  plus  the  power  laapdred  by  tiu'  CDC.  The  INC  ().\  (>1'I'  disciH'te 
(S  w ired,  internal  to  the  IM’M,  to  the  CC  P connector  as  widl  as  the  normal 
si”n;d  connector  to  ;(llow  for()N  (tpl'  control  from  the  CDC  via  the  external 
M(>mory. 

1,  2.  2.  2 DPI  Control  Console 

The  DPI  Control  Console  contains  a CCP  for  use*  with  tlu'  DI’C,  a paper  tape 
reailev,  :ind  :i  printer  and  printer  (dectronics.  This  console  was  built  with  capital 
fun(unn. 

I.  2.  2.  2 Data  I'ermiiKd 

I'he  data  terminal  is  physically  packag'd  in  a sed f conta ined  panid  which  is 
mounti'd  in  tile  Computer  Console  (same  Com|)uter  Console  procurreil  for  use'  with  the 
C,S.A  Test  .Sbition  under  Phase  2A|,  The  dabi  terminal  allows  the  I1P2100.S  c'ompuler 
to  act  as  a systctii  cfuit roller  to  test  the  data  terminal  lunction  in  the  INC. 
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I.  L.’.  1^.  1 ( lIMIU'Ctof  l\’.sl  HoXC'S 

The  Coiini'ctor  Ti-st  Boxes  providi'  test  point  sinmil  neeess  ;is  re(piire(l  nnd  the 
idiitinn  "I  siniKils  I'ecudi'ed  lot'  disphiy  on  the  I!  I’M  'l'(■sl  Console,  I h(‘  test  l)ox('s  lire 
the  piime  intertaee  lor  signals  to  Ik'  routed  to  the  transient  recorders  ( Bioniations), 

I.  L’.  Ll.  > I I’M  Test  Consc'le 

I'll'-  ! I’M  Test  Console  consists  ot: 

1.  \ I Imht  Test  I’anel  which  contains  the  prime  power  control  and  distribution 
to  the  I I’M,  eoolini;-  fan,  and  l■;xternal  Memory  as  well  as  disi)lay  of  critical 
siyna  1 s. 

2.  A temperature  Monitor  I’amd  obtained  from  the  CSA  Test  Station. 

:t.  Commercial  e(|uipnu'nt  obtained  from  thi-  (ISA  Test  Station  consistint;  ol 
the  si'o|)e  and  pia-amps,  counter,  l)\'M  Scanner,  and  t’sV’  Power  Supply. 

I. :!  I'ASK  :i. ;t,  ri. paih 

The  pui-(K)si'  of  this  task  was  to  repair  in-house,  as  necessary,  the  Kl’M  and 
STS.  This  task  also  included  repair,  as  necessary,  oftheNu7A-l,  N57A-2,  llAI'B 
I C.SA,  and  the  Phase  2A  rixsidual  hardware. 

All  lailures  at  tlu'  system  le\el  werr'  reeordid  on  FUR  (Form  foi-  Removal 
Reporting)  forms,  Thi‘  lailures  wt’re  then  analyzed  b\  the  res(X)nsil)lc'  engineer,  the 
reliability  en^iineer  and  appropriate  people  from  fabrication  and  Mati’rial  and  Processes 
(M&P)  laboratories.  When  the  failui-e  was  isolated,  the  failed  comixinent  was  sent  to  the- 
M*L1’  laljoratories  for  analysis  if  deemed  necessary  by  the  i-eliability  c'nKif"'i‘f  t'H'l 
res|X)nsible  engineer.  The  FUR'S  were  closed  out  by  the  signature'  of  the  rc'liability 
I'ligineer. 

Repair  of  gyros  was  acceemplished  foi-  failures  due  to  I'otor  drops  (11),  impropc'r 
polluxle  signature  (1),  MCM  timplitude  toe)  high  (1),  large  leak  (1),  vac  ion  pump  high 
voltage  fi'e'dthrough  pin  (I)  and  spark  elamage  of  im'rtial  grade  and  suspende'r  type  gyros, 
Se  ve'ti  rotor  drops  oecurreel  on  the  Fl’M  ss  stem.  The  cause's  le)r  tlu'st'  we're'  ide'ntil ie'd. 
(S('('  Integration  Para  2.").)  A dual  reiteer  dre>p,  c'ause'd  by  eipe  rator  e'l'i'or,  e>ccurre'el  on 
the'  Nrj7A-2.  One'  re)te)r  drop  (cause'  ne)l  e'stablishe'd)  occurred  on  the  Holloman  C.yro 
subassembK  . ()n<'  I'eete)!'  dre)p  eei'cui'i'e'd  e)n  Test  Statie)!!  1\’.  The'  cause'  le)r  the'  elre)p  was 

ne)t  e'le  arlv  e'stablishe'd.  It  is  note'd,  he)we'Ve  r,  that  the'  table'  was  be'ing  me)ve'd  at  the'  time' 
e)f  the  (Ire)))  and  it  is  suspecte'd  that  a nu'chanie'al  sluje'k  e>f  the'  table'  as  it  was  be'ing  meive'd 
ee)idtl  have'  bei'ii  the  cause'.  Table'  slmek  transie  nts  of  ve'i'V  high  g le'\e'ls  cexild  l)e'  e'xpe'r- 
ie'fiee'd  if  the'  table  hits  its  hard  stops.  The'  Bieematieeii  faidt  moniteers  indie-ate'd  no  peuver 
or  suspension  electronics  pre)bb'ms.  The'  te'st  statieui  has  be'e'n  eipe'rating  re'liabls'  since' 
the'  flre)p. 


I'.MA  re  pair  activity  e'eeiisiste'el  eef  re'|)air  e)f  twe)  eligiti/ers.  In  Xeewmbe'i'  1!I7(!, 

I MA  A77M -7(itl  1-()02Y  was  re'me)ve'el  freem  the'  Fl’M  wlu'ii  its  se'ale'  fae-teer  be'canu’ 
e'Xce'ssi e'ly  high,  Diagneestic  te'St  iseelate'el  the'  cause'  te)  a ze'iu'i'  eiieeele*  in  the'  pre'e'isieen 
eurre'nt  ge'nerateer  see'tieen  of  the  eligiti/e'r.  This  eligiti/e'r  was  ex|)e)Se'el  te)  -1U0'’F  anel 
the'  stre'ss  frame'  e|)()xy  shrinkage'  ee>uld  ha\'e  eaiiseel  the'  failure'.  The'  le'm[)e'rature'  cycle' 
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profi'ss  liMS  Ix'cn  clKiny.ifl  and  Ihc  low  tciiiporaUirc  I'xposiirc  is  now  -()r)‘’r  which  is  the 
Icnipi'i’aUii'c  liiiiil  ri'coniiiu'iidi'd  l)\  the  supplier  oi  this  part.  Tlie  din'iti/ei’  was  replaced 
and  KMA  ATTM  7(101-002 Y was  aecepLanei'  tested.  In  Dei  einber,  KMA  A77.M-700  1-002 V 
was  repaii'ed  l)V  replaeiiif;  a /eiu'r  ditKie  in  tlie  ditiili/er.  This  instrument,  alona  with 
A77M  7(i0  1 002V,  underwent  lon^-term  lestina  to  insure  that  the  /ener  diode  failure 
will  not  occur  aj;ain  when  the  instruments  are  placed  in  the  s\slem. 

Aeti\it\  undei-  the  repaii'  task  also  inc  luded  repair  of  electronics  hardware.  A 
chronolo;aical  sumniar\  of  the  electronics  repair  activit\’  is  ^i\cn  in  the  lollowinj? 
parai;raphs. 

In  -luh  1!)7(>,  the  Centi’al  Processor  knit  (C'Pt  ) was  im  paired  six  tiTin  s.  ( )t  these 
six  failures,  four  weic  residts  of  failui'es  of  ROM  A0!)17  devices,  one  re(|Uired  replace- 
ment of  a clock  (h-iver  which  was  accidentallv  shorted  in  svstem  lest,  and  one  was  due 
to  a cold  solder  joint  on  tin-  Midi.  The  ROM  A0‘)17  failures  were  traced  to  a c-har<;e 
buildup  in  three  output  ^ates  whicii  were  bd'l  floalinj;  when  the  wafers  wei'e  reworked  to 
impi'ov"  the  opc  ralin;^,  \c)lta;;('  ranj^c.  I{()M  .XOtiUis  were  also  subjec’l  to  lliis  Ivpe  of 
l>otential  failure  , since  they  were  reworked  usinj;  the  same  teehni(|Ue.  The  pi'oblem 
was  corrected  b\  fabricat i nji  new  ROM  AO'iKis  and  A0;»17s,  usin^  new  masks,  which 
eliminateil  the  s|)ecific  failure  mode  in  the  device. 

In  September,  a C PP  failure  was  exiieiaenced  at  the  sv  sli  ni  level  which  was  traced 
to  the  All  devices.  This  problem  was  corrected  bv  replacing;  all  the  All  dev  ices  with 
dev  ici  s containing  the  latest  design  changes.  The  All  device  problem  is  discussc'd 
furtln  r in  Para  2.  1 . 7. 

In  September,  a CCS  No.  2 hvbrid  edreuit  was  returned  for  repair.  The  failure 
was  traced  to  a a 112s  line  driver  which  had  inade(|Uat('  current  protection.  Conse(|Uentlv , 
the  desi^^ti  was  changed  to  a aldllX’  f|uad-2  NOR  buffer  (open  collector)  with  a pull-up 
resistor.  TIk'  new  parts  were  ordered  in  September  but  were  not  received  until  Decemlx-r. 
The  tailed  part  was  I'eplacejl  in  December  and  the  hvbrid  was  satisfacloialv  reteslisl. 

Also  in  September,  a Chai-f>e  Amplifio-  Assemblv  was  i-eturne<l  foi'  repair  of  an 
ope)i  circuit  on  the  Ml.ll.  This  wats  cori'ecled  bv  adding;  a Jumper  on  the  MI. II. 

In  September  and  (ictober,  two  replao anenl  spin  motoi's  were  fal>ricate(l  and 
assemblefl.  One  was  used  to  replace  the  motor  which  was  apiiaroitlv  damaged  durin;; 
installation.  The  othei’  was  usefl  to  replaci'  a motor  vvhicdi  was  inadvei’lentlv  overheated 
during  inte;ii-alion  testing. 

Repair  of  elec't  I'onies  duiati);  (ictober  c-onsistefi  of  the  foil  'win;.;': 

.\n  SIR'  2 was  rt  turned  for  i-epair  when  a "power  on"  condition  could  nivl  be 
mainlainefl.  The  pioblem  was  isolated  to  a faih'd  Se(|uencer  1 hybrid.  Tiansistor 
(M  had  failed,  probablv  from  a negative  transient  on  the  collector  lead.  Diodi-s 
have  now  been  placet!  in  all  collector  leads  to  prevent  similar  occu la'i-nces. 

An  Slit  1 was  returned  foi-  repair  when  Iht'  Chiinnel  2 c'onli'ol  outpit  was  found 
to  be  a sawtooth  instead  of  a Sf)Uarew;tv c dtii’inj;  the  heat  mode.  The  lailure  was 
isolateti  to  :i  Spin  Motor  Conirollei'  hvbriil  which  w:is  subsec|uenl Iv  replaced  to 
correct  the  problem. 
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A l‘I()  module  \v;is  retufiiefl  lot’  fepai  r uliieh  ri‘quir<'d  repl.'ieemenl  oC  three 
l)i-|)ol:ir  (It'viceH.  'I'he  cause  ot  llu'  failed  devices  is  not  known. 

A Spin  Motor  Power  Amplifier  Heat  Sink  Assc-mhlv  was  I'eturned  for  repair. 
Transistors  (JKl  and  1 shorted.  'These  failures  resulted  in  overloadin;;- diode 
CHI,  and  resistors  H;i2,  H.'l.'l,  and  H!  I and  caused  a circuit  litu>  to  open. 

l>ower  Supi)l\  Hoard  No.  1 was  ri'turned  for  repair.  A shorted  output 
transistor,  (^10,  (2Nti;i22)  was  found  in  the  switcddnn  prei-epiulator.  I'he  cause 
was  most  likeh  :m  o\(  rload  or  inadvertant  sliort  on  tlie  unre};ulated  powta-  output 
from  I’ower  SuppK  Hoard  No.  's  2 and  .'1. 

Power  Supply  .Assemblv  (Hoards  2 and  2)  was  returned  when  a 2 ohm  short 
hetwei  ii  the  I'hassis  and  primar\-  ^rounrl  was  ol)Sei-\ed  on  the  s\stem.  The  problem 
was  found  to  be  due  to  a short  between  the  shield  under  trtmsistors  and  the  chassis. 
The  unit  was  repaired  and  returned  to  intet^ration. 

lU'pair  of  electronics  during  November  consisted  of  the  following: 

An  Sill  No.  1 Modidc'  was  returned  for  repair  becamse  the  preload  signal 
intermitlenllv  disappeared  during  systi  ni  operation.  A loose  wire,  aluvut  0.2;")  inches 
long  was  foLind  lixlged  undi'r  the  sleeving  of  the  10  kllz  line  which  fc'eds  modulator 
pin  H")  and  calibration  line  pin  20.  'The'  wire  was  I'cmoved  and  the  moflule  was 
returned  te)  tlu'  system  lest  htboratorv. 

On  an  STll  No.  2 Module,  tlu'  mulliple.xi  r iubrifi  failed  due  to  pii\sic-al 
damage  to  7.'>  (Harris  Cl  uOti.A  nudtiplexer  chip).  Channel  SH  on  line  was  fused 
on  the  chip.  I'his  indicates  high  input  current  flow  which  was  probabh  induci'd. 

'The  chip  was  ri'placed  to  repair  the  unit. 

( )n  a Spin  Motor  Pleclronies  Asse'inblv,  tlu-  cii'CLiit  line  from  reliiv  Kl-Hl  to 
A;i-)  l-20,  21  ;md  22  was  burned  open.  It  was  foeind  that  ;i  short  external  to  the 
Spin  Motor  l•.'lect ronic-s  Assemble  induce'fl  the  failure.  Tlie  morlule  w:is  )-epai  red 
and  re  turned  to  the  svstem  lest  laboratorv. 

Delei'tive  feedthrough  connections  were  fouiul  on  a Chtmge  Amplifier  assemblv 
teflon  board.  lumpers  were  added  on  the  .MI.H  to  correct  this  problem.  'The  Chargi- 
■Amplifier  teflon  boards  were  ultimateh  replticed  with  glass  epoxy  boards. 

In  December,  a Chai’ge  Amplifier  hvbrid  was  found  to  be  slew  rati'  limited  on 
negative  sloues  (oesilive  to  negative  I i-ansition).  'The  hvbrid  was  delidded  and  a caiiacitor 
was  found  to  be  making  a poor  connection  Lo  the  bonding  (vad  due  to  the  insufficient  use 
ol  conductive  e|H)X\  during  assemblv.  Hepair  of  (his  tivbrid  was  completed  in  December. 

Hepair  ol  eleetronies  during  lanuarv  H)77  consisti'd  of  the  following: 

■A  Charge  Amplifier  .Assemblv  , which  was  suspected  to  have  caused  a rotor 
drop  during  I'llbM  inlegi'ation  testing,  was  removed  and  tested.  During  e.\|K)Sure  lo 
high  (empertdure  testing,  one  of  the  270.'")y- 10  I- 1 transformers  utili.'ed  on  the 
mixluli'  f;iiled.  (An  intermittent  twist  ca|)sule  wire  was  subse((uentlv  found  to  be 
the  cause  of  the  rotor  drop.  ) .A  f;dlure  ;inalvsis  of  the  lr;msformer  was  performed 
bv  de-|H)tting  the  transformer  an<l  examining  the  transformer  internallv,  'The 


I'liiluri'  aiinlysis  llial  coiiduclioa  had  occu bclvvccn  llic  secondary 

wiiulinj^s  and  llu‘  cori'.  In  order  lo  pri  vcnl  a similar  octairnnce  on  Ihe  remaininfi 
transformers  in  the  system,  all  the  transformeis  were  removed  from  the  Chtirtie 
Amplifii'rs  and  Ic’stid  with  an  excess  of  1000  \()lts.  Also,  drawing  ehan<4es  were 
ma(le  speeifs  inu  ehanj;(‘S  in  the  fabrication  which  should  rednee  the  liUclihood  of 
this  occurrence. 

Intermittent  operation  of  anothei-  C'harf;i'  Am|)lifier  Assembly  was  due  to  an 
open  contact  bi'tween  thi'  transformer  lead  and  the  Mid’)  which  was  causcfl  b\  a 
lead  extension  cut  too  short  from  the  Iransfoi-mer  pin  to  the  .Midi  pad.  I'he  lead 
was  e.xtended  to  correct  the  probUmi. 

d'he  failure  t)f  a llif>h  \'oltaf;i'  Switch  module  caused  a hi>;h  speed  desuspension. 
I'lu'  failuri'  was  diu'  to  an  internal  open  in  the  transformei-  windin;;  which  was 
inlermettent  at  the  systimi  level.  The  transformer  failure  analysis  anrl  dei^oltin!; 
resiali'd  that  a seci>ndar>  windint;  had  been  btirned  open.  I'his  ta)ulfl  onh  occur 
b\  application  of  excessive  current  in  the  secondai-y  winding',  |)ossiblv  flui'  to 
operator  erroi'  duriiif;'  subassembly  testing. 

Kepaii'  of  elect  I’onics  durin”  l'ebruai’\  1977  consisted  of  the  following;: 

A lailure  of  a DPI'  discrete-  in|nit  was  obsc-rve'd  in  KPM  ti-stinu,  and  w:is 
ti'aced  to  a low  impi'dance  in|)Ut  in  one  of  the  Mulliplexe-r  (MXl')  MOS  devices, 
further  analysis  reve-aled  that  thc>  de\ice  had  been  damaged  by  static-  c-harj^es. 

The  pai’t  was  r(-mo\(-d  and  I’c-plaeed  with  another  .MXF  from  inventory.  Rc-test 
of  the  module-  rc-vi-aled  that  the-  I'c-piac-i-nu-nl  pail  had  also  been  damafi'ed.  Attev 
rc-placc-nu-nt  of  sevc-ral  MXF  pans,  it  was  concluded  that  a sif;nificant  pc-i'cc-ntaKe 
of  the  MXF  |)ans  inve-ntory  had  bee-n  damauc’d  b\'  static  charii'c-s,  and  the  remain- 
ing invcnloi'v  of  M.XF's  was  submiltc-d  to  luiu-tional  n-tc-stine.  Tlu-  tc-sts  cieldc-d 
six  nood  dcsicc's  from  an  inve-ntory  of  Ihinc-c-n.  I he-  module-  was  repaii-e-d  with  a 
re-te-ste-d  nood  de-vice-  and  eiiK-rate-d  sat i sfact ori Iw  In  orde-i'  to  pre-ve-nt  similar 
oce-u r re-ne-e  with  M.XI'''s  or  other  MOS  de-eice-s,  the-  lu-rsonne-l  handling  MOS  ele\ icc-s 
wei’e-  re-minde-d  ol  prope-r  handlin;^  and  storas^e-  pi’oe-e-du re-s  for  MOS  eie-cie-e-s. 

Ourinn  FP.M  inte'S^ratiein  te-stiii};  in  the  \ an,  a hiss  e)f  (<0  llz  oc-c  urre-d.  This,  in 
turn,  c-ause-d  the  .'5  phase-  100  11/  Kcnei-aloi-  tei  sleiw  deiwn.  Whe-n  this  e'c-curre-d,  the- 
l)e)W(-r  supple  switciie-d  emto  batte-re.  When  00  11/  turne-d  e>n  af;ain,  the-  100  11/  ei'e-ne-r- 
ator  spun  up,  but  the  peiwe-r  supple  did  not  transfer  fieim  batte-re.  This  occurs 
because-  the-  pr(-i  e-eiulate)r  late-lu-s  into  the-  e)ff  state-  ee  ith  this  nieede-  eif  eipe-ratieen,  'Fhe- 
powe-r  supiih’  was  neit  de-sinne-d  te)  eipe-i'ate-  in  this  meide-  since-  Ml  l.-S'l'l)-70  1 deit's  neit 
r(-(|Ui re- ope-ratiem  eeith  b-ss  than  :)20  11/  input.  In  future-  FP.M  van  te-sts,  this  will 
ne)t  be-  a |)robl(-m  sinc-e  the-  c-e)m|)Ute-i-  aliee-  elise-re-te-  will  ne>t  be-  disable-d  and  tlu- 
seste-m  will  shutdown  vehe-n  Iransfe-r  le)  balle-ry  is  in  e-xc-e-ss  of  10  se-cemds. 

In  the  t)roce-ss  of  evaluating  the-  abeive-  |)reible-m,  a se-cemd  f’owe-r  Supply  Nei,  1 
was  use-d.  This  |x)wc-r  supidy  (transistors  t^jp,  evhe-n 

transfe-r  tc)  batte  ry  eic^curre-el. 
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SECTION  V 


TASK  4,  AIR  FORCE  FLIGHT  TEST 
Xi)  Air  I'di’cc  lliolit  test  rc-f|iii rcnu'iils  wt-rc  iiifUidcfl  in  I’linsc'  215. 


2:53 
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SECTION  VI 


TASK  5,  SYSTEM  MANAGEMENT 


(■..  1 TASK  5.1,  PHOC.KAM  MANACI.MIAN  T 


riu‘  purposi's  of  this  t;isk  were  to  provide  p)ro}tr;ini  miinancmcnt  and  [)roic‘cd 
I'li.siinocrinp;  for  IMiasi'  2H,  conduct  formal  and  informal  fk'siptn  rc‘vic-vv,s,  dcvtdop  a 
dctaili-d  work  breakdown  struetuiH'  (WHS)  and  a Phase  2U  Proftram  Plan,  and  modify 
as  neees.sarv  the  [)ersonnel,  marketing’,  financial,  and  facilities  pilans  j)reparc‘d  under 
Phase  2A. 


(>.  1.  1 Desiptn  Hevic-ws 


(i.  1.  1,  1 Phase  2A  Final  Fee  Fvtiluation  Dc'siptn  Heview  .Meetintf 

The’  Final  Fee  Evaluation  Hoard  Meeting  and  Design  Heview  of  the  phase  2A 
contract  was  hcTd  at  Autonetics  on  (i  through  8 October  1975.  This  meeting  was  pre- 
pa  ri-d  and  conducted  on  Phase  2A  funding  and  is  discussed  in  this  report  since  it  has 
not  been  previously  documented  in  any  final  report.  (The  mec-ting  was  conducted  after 
publication ‘of  the  Phase  2A  Final  Heport. ) 

The  following  personnel  from  organizations  other  than  Autonetics  Anaheim 
i atti-nded  this  meeting: 

Name  O rg~.ini  zation 


Mr.  J,  W.  Chin 
Capt.  H.  i;.  -lanosko 
Mr.  W.  Fignor 
Maj.  H.  C.  Hrandt 
Mr.  C.  i;.  Himes 
Capt.  W.  C.  Peterson 


FSAF/AFAL 
FSA  F/AFAI. 
FSAF/AFAI, 

FSAF  A FA  I. 
FSAF-ASl)  PPMFH 
FSAF  AFAL/HWM 


Fran  Hockvam 
•1.  W.  Caldwell 
Ci.  Atkisson 
M.  Pidhavny 
H.  A.  Holtz 

I'he  agenda  for  the  Phase  2A  Final 
is  i)n'Si-nted  bidow: 


AFPHO  TMl) 

AFPHO/PI) 

AFPHO  TMl) 

AFPHO  HI  FO 
(.MMC) 

Fee  i; valuation  and  Design  Heview  meeting 


Monday,  ((October  1!)75 


S : 1 5 

Introduction 

Capt.  \V.  Peterson 
•I.  A.  Schwarz 

9:15 

Overview 

(1.  F.  Hunyon 

10:15 

(lyro  Design  Improvements  Testing 

H.  F.  Hump 

A.  (i.  Cross 
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11:1.-) 

V aclon  l’um|)  1 li  mi  nati om/(  ietlei' 

A.(i.  (Ii'oss 

1 :.■!() 

Second  Soui'c*-  Itotors  Cavities 
Support 

II.  1..  Rump 

1 

I'esl  I'lanniii'^  Developmental 

Testi  n^ 

T.  F.  Rrasher 

3:00 

.\r)7A-l/No7A-2  Flight  Test 

Data  Analysis 

D.W.  Holmes 

1:00 

.N.37A-2  Flifiht  Test  at  IIAFH 

1).  W.  Holmes 

■I'iicsd;j>  . 7 

()otol)i'r  1073 

s-.l.') 

Softwa  re  1 levelopment 

P.  .'Nniirews 

S:30 

Meehani/.ation/  .Modeli  ng 
Improvements 

P.  .Andrews 

0:30 

tiyro  SubassemOlies 

C.  C.  Whang,  Jr. 

J.  F.  Klinchuch 

1 1 :00 

(lyro  Subassembly  Test  Station 

J.  1).  Courtier 

1:30 

1- Plate  (ISA  Test  Results 

T.  F.  Brasher 

1 :30 

S- Plate  CiSA  'MFSCiA  Test  Results 

R.  B.  Hall 

2:13 

DPI’  .Memory  and  Interface 

W.  P.  Thoennes 

■1:00 

Fleetionies  Improvements 

Si  mpli  fications  Tradeoffs 

J.  F.  Klinchuch 

•1:30 

i’arts  l^rogram 

A.  1..  Sattler 

Wednesday. 

, H October'  1073 

M:00 

Cost  of  Ownership 

.M.J.  Rupert 

F.  R.  Hall 

K.J.  Ciibson 

1,.  K.  J ohnsen 

R.  A.  Holtz  (M.MC) 

1 1 :30 

Data 

J.M.  Miller 

1 :00 

Technical  Summary 

Ci.  F.  Runyon 

('ontract  Administration 
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1 : If) 


Cost 


F.  K.  Loftus 


2:30 

Administrative 

I..  C.  Rimold 

3:00 

Summa  ry 

•1.  A.  Selma rz 

0. 1,  1.2 

Ph;ise  2B  Fee  1 A'aluation/Design  Review  Meeting 

rhf  MU  noN  Phase  2B  Fee  F valuation/Desifjn  Review  Meeting  was  held  at 
Autoneties  on  7 through  9 -June  197(i, 

I'he  following  personnel  from  organizations  other  than  Autoneties  Anaheim 
attended  this  meeting: 


NAM  K 


ORGAXr/A'riON 


Maj.  Roger  C.  Brandt 

Maj.  I).  K.  Culler 

Capt.  R.  K.  Janosko 

George  Himes 

Ronald  L.  Ringo 

Phili]5  \\ . iagnor 

Capt.  Robert  F.  Lemon,  Ir. 

Lt.  Col.  -J.  A.  Pasalevieh 

Capt.  C.  1..  Moore 

Myron  Pidhayny 

Capt.  Gar>’  Howe 

Lt.  Gary  Luebbers 

Dr.  -lohn  Nicmcla 

Ci.  A.  Farrell 

Df)n  Hardy 

.1.  H.  (HI more 

Lew  lobe 


RWA/tltitlA 

dOuO/PMFB 

r\\aA>(h;a 

4950/PM  KB 
RWA 

RWA/OOOA 

AFLC 

AFPRO/KN 

AFPRO/KX 

AFPRO/KX 

AFPRO 

AFPRO 

Army  KCOM 

AGMC 

AGMC 

Roekwell  Northeastern  Distriet  Offiee 
Program  Man:igemenl  Representative 


The  agenda  for  the  Phase  2B  Fee  K valuation/Design  Review  Meeting  is 
presented  below: 

Monday,  7 June  1970 


1:45 

Introduction 

G.  Himes/ 
Capt.  Janosko/ 
J.  K.  Menzel 

2:15 

(Jvcr\’iew 

G.  K.  Runyon 

3:15 

Sj'slem  Kngineering 

r.  F.  Brasher 

4:00 

Krror  Analysis  and  Budget 

A.  P.  Andrews 

4:30 

KPM  System  Softw:ire 

I.  H.  Mitzel 

5:00 

l est  Station  Software 

A.  P.  Andrews 
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Tuc'sihiv,  ■lime  H)7() 


s:l.', 

FPM 

R.  F.  Rumbolfl/ 
IF  Kamei 

IXIU' 

C.  C.  Whang 

Data  Terminal 

•I,  X.  Gayer 

10:20 

FPM  Fleet ronics 

■I.  F.  Klinchuch 

11:30 

.\/D  Converter  and  Spin  Motor  MOS 

I.  F.  Klinchuch 

11:1.") 

INC  MOS 

•1.  lurison 

1:1.") 

DPT 

I.  .lurison 

2:00 

FMA 

I).  1.  Key 

2:30 

MFSC. 

IF  F.  Bump 

3:1.3 

Cettcr  Cyro 

A.  G.  Gross 

3:1.3 

Associate  Contractor  MFSC.  Fab/Tcsting/Support 

IF  F.  Bump 

1:00 

Test  Fquipment 

IN’S  'I'cst  Station/Test  .Aids 

■F  D,  Courtier 

CDF 

G.  F.  F aw  son 

1:30 

Parts  and  Beam  Lead  Carrier 

F.  Saltier 

U'cdncsday,  9 June  1970 

S;1.3 

Data 

■I.  M.  Miller 

H:30 

Co.st  of  Ownership 

M.  1.  Rupert 

.Ic’quisition  Cost 

F.  F.  John sen 

Reliability 

F.  R.  Mall 

Fife  Cycle  Cost 

K.  I.  Gibson 

10:1.3 

Contract  Cost  Performance 

F.  F.  Foftus 

10:43 

Contract  .Vdministration 

F.  C.  Renold 

11:00 

.Summary 

J.  F.  Menzel 

1:13 

Government  Only  Caucus 

(5. 1. 1.  Informal  Design  Reviews 

A total  of  ten  (10)  informal  design  reviews  were  conducted  during  the  course 
of  the  Phase  2H  contract.  All  these  design  reviews  were  held  at  Autonetics. 

0.1.1.  .'1.  1 First  Informal  Design  Review.  I'he  first  informal  design  review  was 
held  on  IH  through  20  August  1075.  Personnel  in  attendance  from  organizations  other 
than  Autonetics  were  t'apt.  W.  Peterson  and  Mr.  1).  Pleva,  both  of  AFAL.  The 
agenda  for  this  design  review  was  as  follows: 

Monday,  18  August  197.0 


; :00 

Autonetics  Organization 

J.A.  Schwarz 

A.  P.  Truban 

G.  F.  Runyon 

1 :30 

High  Accuracy  MICRON' 

tFW.  Sargent 

2:00 

Rotated  N37A  for  Holloman  Flight 

G.  F.  Runyon 

Tests 
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2:13 

Parts  Pro^rram  Status  Plans 
Approach 

A.  L.  Sattler 

3 :.■!() 

Navy  I'iSti  Programs 

II.. J.  En}>ebretson 

!::)() 

Phase  2 H lUid^ets 

J.  A.  Schwarz 

E.  E.  Loft  us 

■1:13 

Accelerated  (;t'3'  Tti  and  77 
Expenditures 

J.  A.  Schwarz 

A.  P.  Truban 

E.  E.  Loftus 

rLK'sd;vv 

, 19  Auf^ust  1975 

8:13 

Electronics  Desif^n  Status 

Plans  Approach 

J.  E.  Klinchuch 

9:13 

Accelerometer  \'t>ndor 

Discussions 

A.  P.  Truban 

10:13 

Autonetics  EMA  Status/Plans, 
Approach 

D.  J.  Key 

1 1 :00 

Ileaction  Time 

J.C.  Hnson 

1).  T.  Eriest 

1 :30 

31  ESC  Status  Plans  Approach 

ILL.  Bump 

J.C.  Holtinghouse 

2:30 

MESC  Eal)  'loui' 

J.C.  Holtinghouse 
11. 1..  Bump 

A.  C.  Cross 

3:13 

Cettei-  Status  Plans  Approach 

Lab  lour 

.'\.  C.  Cross 

11.  L.  Bump 

J.C.  Boltinghouse 

•1:00 

Cost  of  Ovnership  Team 

Status  Plans  Approach 

.M.J.  Bupert 

L.  E.  Johnson 

K.J.  (Jibson 

E.  IL  Hall 

IL  A.  Holtz  (.M.MC) 

Wcdnesd 

ay,  20  August  1975 

8:15 

Cost  of  (Avnership  (Cont) 

9:00 

D PI ! Status/  Plans  Api)roach 

W.  P.  Thoennes 

A.  P.  Truban 

10:00 

N'77  Status/ Plans/ Approach 

A.  P.  'Truban 
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MIC'IU)N  l,;il)  I'our 


(I.  i:.  Hunvon 


lltOU  i:  I’M  Swstem  Design  K.  I,.  lUinibold 

(i.  1.  1.3.1i  Second  Informal  !)esij;n  Ifeview.  The  second  informal  design 
review  was  held  on  10  (Vtoher  IDTo.  I’ersonnel  in  attendance  from  organizations 
other  than  Aiitonetics  were  Mr.  ('■.  Himes,  .Maj.  H.  Hrandt,  ('apt.  W.  Peterson, 

Capt.  H.  lanosko,  Mr.  -I.  Chin,  and  Mr,  P.  Kignor,  all  of  A FA  L and  Mr.  M,  Pidhayny 
of  .‘XFPHO.  The  agenda  for  this  design  review  was  as  follows: 


8:13 

(Aerview  Schedule 

O.  i;.  Runyon 

8:25 

System  engineering 

T.  e.  Brasher 

9:00 

Software  and  Analysis 

A.  P.  Andrews 

9:30 

KSC.  Fabrication  Tour 

II.  L.  Bump 

J.  Boltinghouse 

10:45 

DPI 

VV.  Thoennes 

11:15 

electronics  Design 

,1.  F.  Klinchuch 

1:00 

i;.MA  Technology'  and  l.ab  Tour 

D..].  Key 

2:00 

Cost  of  Ownership 

.M.J.  Rupert 

F.  R.  Hall 

R.  A.  Holtz  (M.MC 
e.  .Johnson 

K.J.  C.ibson 

3:00 

■Need  Firm  FPM 

Requirements  Definition 

A.  P.  Truban 

4:00 

.MICRON  l.al)  Tour 

A.  P.  Truban 

(i.  1.  1.3.3  Third  Informal  Design  Review.  The  third  informal  design  review 
was  held  on  ‘J  through  11  December  I'JT.l.  Personnel  in  attendance  from  organizations 
other  than  Autonetics  were  Maj.  U.  Hrandt,  Maj.  Haroha,  Capt.  W.  Peterson, 

Capt.  It.  Janosko,  and  .Mr.  P.  Kignoi’  all  of  A FA  L and  Mr.  M.  Pidhayny  of  .A  FPltO. 
i’hi-  agt!nda  foi'  this  (U'sign  review  was  as  follows: 

Tuesday,  9 December  1973 


8:30 

Phase  2B  Overview 

(1.  e. 

Runyon 

9:00 

System  Specification 

T.  F. 

Brasher 

9:30 

INC  Specification 

T.  F. 

Brasher 

10:30 

INC  Packaging 

C.  C. 

Whang 

1 1 :30 

INBC 

C.  C. 

Whang 

1:00 

DPI  Specification 

P.  W. 

Ilinnutn 

1:30 

DPI  Memory 

P.  W. 

Hinman 
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•> 

00 

I’rcli  mi  na  r\  I'irror  liudgct 

.A.  P.  .Andrews 

• » 

1.3 

.Self  Calihralion  .Mechanizalion 

•I.C.  VVauer 

;! 

::o 

( letter  ( i\  ro 

.\  li.  (iross 

11.  1..  Hump 
•I.C.  Holti tighoust 

\V('diU'sda\ 

, 1 0 i leeemher  1 !)73 

s 

1.3 

Pa rts  .Statidardi zation 

A.  1..  .Saltier 

s 

30 

Peam  l.ead  Ctirrier 

A.  1,.  Saltier 

!) 

00 

I'dect  ronies 

•1 . K.  Kli  nchuch 

10 

1.3 

KM  A 

D..1.  Kev 

1 1 

13 

I'KM.-N  Kill)  Tour 

D..J.  Key 

1 

00 

Iting  Laser  (l,\  i'o  l)e\  (doptnent 

11.. 1.  faigebretson 
P.  1,.  .Anfhotn 

S.  C.  Shutt 

3 

13 

itl.ti  l.al)  Tour 

P.  1,.  Atilhonx 

.3 

•1.3 

Phase  3 15  Cost  Status  Phin 

F.  1-3  I. oft  us 

rhur.sda\ , 

11  Di'cemlur  1073 

s 

13 

.MlCitO.X  Kuture  Plamiing 

T.  K.  Shuler 

Ci.W.  Sargent 
.J..A.  Schwarz 

0 

:io 

N77  INS  Status  lte\  iew 

•I.'T.  Chafimati 

10 

13 

.\rtny  High  .Accuracy  .MICItO.N 

Status 

.I..A.  Schwarz 

1 1 :00 

Discuss  0315  IK&'D  Hardware 
Interchangeability 

J.'T.  Cliapman 

1 

•00 

Kse  of  .N37A  for  .Navy  Kadar 
Staliilization  Demo 

W.  It.  Knight 

•> 

:00 

High  .Accuracy  Development 

Progi'iim  to  Productioti  :ind 
Ikirdenitig  Thereof 

.A.  P.  'Trubati 
•K.A.  .Schwarz 

P.  A',  .loe 

3.  F.  Kli nchuch 

.‘{;00 

.AK.AI,  .AKPKO  ((;o\  T onl>  tntg) 

Capt  W.  Peterson 
.M.  Pidhayin 

■1 

:00 

.Moliil  I'Aaluation  I.ab  .Availability 
for  .N77  Testing  i n .Iutie/3uly  1070 

•F  T.  Chapman 
■A.  P.  'Truban 

().  ].  1.3.  I l•'ollrth  Iiil'orm.'il  Design  IU;\it“W.  'I'hc*  fourth  informal  (l(“si};n  roviow 
was  held  on  10  throuf;Tril^  l''el)ruary  1!)70.  IV rsontiel  in  attendance  from  ort;anizations 
other  than  Autonetics  were  ('apt.  \V.  Peterson  and  .Mr.  P.  fiif^nor  of  AK.M,. 

.Ml'.  U.  CltKlfelter  of  .Ad.MC,  .Mr.  J.  .Nieniela  and  .Mr.  K.  Clark  of  1 S.\/ IV O.M, 

.Mr.  U.  Holtz  and  .Mr.  It.  lUiri'ows  of  .MMC,  Capt.  .Moore  and  .Mi'.  ,1.  Caldwell  of 
Al'PItO,  and  .Mr.  .1.  Cilmore  of  Itl'N.  i;.  District  Office.  The  agenda  for  this  design 
re\'iew  was  as  follows: 


S;:fu 

( )rf;aiii  /.alion 

.1.  /\.  Schwa r/ 
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1.  1.3.  r)  I'irih  Inlormal  Design  Itoview.  'Ilu;  fifth  inf(jniial  ili'.si^n  review  was 
held  on  .■)  t h rout; h “April  lliTd.  Personnel  in  attendance  from  oruani /.ations  other 
than  Autoneties  were  t’apt.  It.  .Janosko,  .Mr.  I*.  IMunor,  and  Mr.  I).  PU'va  ot  .A  I'A  L 
and  I t.  Col.  .).  Pasalevich.  Capt.  C.  .Moore,,  and  .Mr.  d.  Caldwell  of  .M'PItO.  I'he 
agenda  foi-  this  design  re\iew  was  as  follows: 
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(1.  (1  Sixth  Informal  Design  Kt-view.  I’he  sixth  informal  clesi{;Ti  review 

was  held  on  10  lune  1970.  Personnel  in  attendance  from  orf>ani /ations  other  than 
Aiitonetics  were:  Maj.  lirandt,  ( apt.  .Janosko,  |{.  llinf;o,  and  l>.  i;ij>nor  of  AFAI.; 

Mai.  ( idler  and  (1.  Hines  of  .\SI);  ( apt  Lemon  of  Al’  i.C;  ( apt.  Moore  and 
M.  Pidhavnv  of  .\  !•  !’!(( );  and  ( ;.  Farrell  and  i).  Hardy  of  ACiMC.  Flu  re  were  no 
formal  aj^enda  for  this  desiyjn  reiiew. 

0.  1.  l.:i,7  Seventh  Informal  Desi^ti  Heview.  I’he  seventh  informal  design  reiiew 
\\:t.s  held  on  19  and  1 I Inly  1970,  ( apt.  H,  I.,  lanosko  (.\FAl.i  :ind  .M.  Pidhayny 
(.\l  PitOl  wei'e  in  :ittendanee  at  this  meeting.  I'he  an'enda  foi'  this  meeting  was  as 
follow  s: 
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w a. s held  on  11  Aiiiiu.st  l!)7(i,  Cai)t.  I{,  lanosko  ami  Mr.  I’.  1 ! inner  of  .\  I'A I . and 
Mr.  M.  I’idliayny  from  were  in  attendanca'  at  tiii.s  nieetinn.  I'lie  anenria  tor 

thi.s  nu-etinn  was  as  follows: 
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Ci,  1.  l.M,!)  Ninlli  lMlorni:il  l)csi^;n  lU-vicw.  I'lic  ninth  informnl  (Uvsinn  review 
was  held  on  111  ( tetoher  IhTfi,  I’ersonnel  in  attendance  from  ornani/ations  other  than 
AntoiH'ties  were;  Mai.  Haroha,  Maj.  Hrandt,  ( apt,  lanosko,  ami  Mr,  1>,  IduTior  of 
Al'AI  ; Mr.  Ci.  I .ew  is  of  ASI );  and  Mr.  M.  Pidhavnv  of  A II’IK  ).  The  auenda  for  this 
nmetin^  was  as  follows: 
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(i.  1,  l.ll,  10  I’l-nth  Informal  Design  Review . TIk 
was  held  on  1 1 and  15  Di’cimiber  1070.  I’ersonnid  in  a 
other  than  .Aiitoneties  were-:  (’apt.  lanosko  ;ind  M r,  I* 
of  A.Sl);  and  .Mr.  M.  I’idhayny  of  A !•' IMU >.  The  a^mnda 

■ tc-nth  informal  di'si”n  review 
ittendanci'  from  organizations 
. Ki^’iior  of  F.M,;  M r,  C.  Lewis 
for  this  meeting;  was  as  follows: 
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1.2  l^rn^ram  I’hins 

The  MK'UON  I’hasi'  2U  l’voj;ram  Plan  was  coi-npU-lt'il  anil  siihniitU'd  to  Al'Al-  in 
Soptt'inlxT  197;").  This  plan  covoroil  tho  work  efforts  as  wc‘11  as  a ti'cdmieal  description 
and  schedule  of  events  supportinj;  the  Phase  2B  program. 

Thi'  personnel,  marketing,  financial,  and  facilities  plans  prepared  in  Phase  2A 
were  reviewed  and  it  was  determined  that  tiu-se  plans  were  ^fne rally  directly  applicable 
to  Phase  215,  I'herefori',  no  specific  update  was  made  since  the  associated  costs  did 
not  ai)pear  to  be  warranted. 

(i,  1..'5  Work  Breakdown  Structure 

A dehiiled  work  breakdown  structure  was  prepared  and  submitted  on  2S  August 
I!)?.")  as  CDU:  Item  AOOh. 

li.  2 TASK  ;'j.2,  ASSOCIATKl)  CONTRACTOR  SPPPOBT 

The  purpose  of  this  w'ask  was  to  support  the  second  sourct'  for  MKSC  rotors  and 
cavities  and  the  non-destructible  rotor  and  cavitj"  effort,  and  provide  office  space  and 
data  to  the  reliability  associate  contractor’s  representative. 

2. 1 DrawinKis  and  Specifications 

Karly  in  Phase  215,  two  revised  drawings  and  three  revised  specifications  were 
forwarded  to  Northrop  and  CSDI.  via  Al'AL.  These  were  revisions  to  documents 
submitted  during  Phase  2A.  Drawing  12(11)9-1502  (cavity)  was  revised  to  add  Megger 
test  requirements  between  cavity  plates.  Drawing  12;")0-l-202  (rotor)  was  revised  to 
increase  major  and  minoi-  diameters  (for  small  gap  configuration).  Specifica- 

tions A Ao I U!»-00‘J  (Deposition  of  an  Klectrical  Nickel- Phosphorous  Plating)  and 
S'l'  Oll.aA  AOOlO  (.Machine  Parts:  Tolerances,  Surface  I’inish  and  Standard  Configura- 
tions) were  revised  to  reflect  minor  process  changes  and  the  most  recent  rotor 
configuration.  The  rotor  fabrication  specification  (ALTOOhO)  was  revised  to  more 
clearly  define  rotor  fabrication  operations  and/or  procedures,  to  incorporate  the 
larger  rotor  size,  and  to  revise  operations  to  reduce  flow  time.  Flow  time  was 
reduced  by  removing  the  0.  OOOO.'jO  lap  operation  between  the  1)00°  F oven  bake  anil  the 
temperature  cycle  thereby  making  two  cleaning  and  handling  operations  unnecessary. 
The  removed  0.  OOOO.'iO  lap  operation  is  now  included  in  the  final  rough  lap  operation. 
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Drawinns.  spori I i cations,  and  manuals  describing;  the  Autonetics  owned  Auto- 
matic (.’avit>'  (irinder.  weia>  sul)mitted  on  !•  hehruai’y  ID?.")  as  ('I)UI,  Item  AOOII.  The 
documents  accompain i nj;  tlie  drawin};s  consisted  of  the  procurement  specification 
which  was  used  for  desif;n  criteria  for  the  cavity  f;ritKier  (designed  and  fabricated  l)y 
Pneumo- Precision  Pi'oducts,  Inc.)  and  the  maintenance  and  operatinj;  manuals. 

<i.2.L’  .Associate  ('otitractor  X’isits  to  Autonetics 

Several  visits  to  .Autonclies  were  made  by  the  associate  eontraetors.  'I'he 
more  si;;nifieant  visits  are  discussed  in  the  following;  para^jraphs. 

().2.2.  1 CSDl.  Visit  (.'S  December  litTo) 

.Mr.  Ken  ra\lor  of  t'harles  Stark  Draper  Lalioiaitories,  conferred  with 
•Messrs.  Joe  Holti n^house,  Pete  Dump,  A1  Henussi,  and  A1  Cross,  of  Autonetics, 
on  J Deceml)er  I!)7.").  The  subject  was  destruction-resistant  materials  for  KS(; 
electiodcs.  The  topics  discussed  were  as  follows: 

1.  The  sif; nifi<‘ance  of  the  arjion  content  of  sputter-deposited  coatings. 

It  was  agreed  that  this  must  be  evaluated  in  an  K.SC. 

2.  The  acceptable  level  of  magnetic  susce()til)ilit,\  was  discussed.  Othei- 
than  zero,  .Autonetics  doesn't  know  svhere  the  acceptable  to  unacceptable 
\ alue  lies.  It  was  agreed,  however,  that  CSDL  and  .Autonetics  should 
both  measure  the  same  selected  specimens  to  get  the  scale  factor 
l)etween  their  respective  tests. 

J.  It  was  agreed  that  the  scotch  tape  test  for  adhesion  was  the  best  repetitive 
test  and  that  a small  numl)er  of  epo.w-bonded  cleavage  tests  are  useful. 

■1.  The  requirements  foi’  substrate  surface  geometrv  and  finish  were 
discussed. 

.").  The  degree  to  which  the  electrical  (umductiv  it\  of  the  cdectrode  imiterial 
is  important  was  reviewed. 

t).  The  (ji'ocedures  and  sequences  for  the  machining  and  lapping  of  cavit\ 
surfaces  were  reviewed.  .Mr.  Ta\lor  was  given  a detailed  shop  tour. 

7.  riie  various  candidate  coating  materials  from  both  .Autonetics  and  CSDl. 
investigatiotis  were  discussed.  .None  of  the  currentiv  identifie<i  c-andidati'S 
could  be  disqualified  on  an  "a  |)riori"  basis. 

(>.2.2.2  .Northrop  Visit  (.7  through  I.')  January  I!»7(i) 

Northrop  personnel  were  at  Autonetics  from  .A  January  l!)7i>  through  1.")  January 
l!)7ti.  The  pur|)ose  of  th«;  visit  was:  (1)  coevaluate  IISC  p.irts  which  Northrop  had 
proc-e.s.sed;  and  (2)  to  review,  in  detail,  KSC  fabincation,  asseml)ly,  and  prefunc'tional 
test  processes  and  techniques.  The  effort  related  to  the  KSCi.M  program  and  the 
.MICHO.N  |)rogram.  I'he  following  paragraphs  document  the  activity  of  the  two  week 
fieriod  to  update  those  concerned  as  to  the  full  scope  of  Northrop  activity  and  current 
capability. 
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' In  sumniarv.  Messrs.  Hill  .Merritt,  Hoh  Westhaver,  Ken  .Milo  and  Haul  Hichardson 

were  at  .Uitoiu-ties  lor  almost  two  weeks.  Hardware,  which  was  broujilit  for  evaluation 
included  two  sets  of  rotors  aTui  cavities  which  Northi-o|)  had  fabricated  from  their  own 
purchased  raw  material  (.MICRON)  aiul  two  preassembled  spinners  (KSO.M)  wliich 
Northrop  liad  fabricated  from  piece  parts  as  supplied  by  -Autontics.  (The  cavities  were 
reail,\  for  platiny  and  an  e\lrudi‘d  rotor  bar  was  |irovided  for  rotor  fabrication  by 
Northrop.  I Other  liarcKvare  falxdcated  by  Northrop  and  l)rout;ht  for  evalicdion  included 
a stainless  steel  cavity  master.  .A  HeO  cavity  master,  a mechanical  cavity  alignment 
tool,  and  "O"  rin^  forming;  fixture  and  a fixture  which  aliens  Hie  support  riiiK  and 
Mu-metal  shield  to  the  K.SC  liase.  Two  inductors  ami  three  suspension  transformers 
(Wound  b\  Nortlirop)  were  also  brout^ht  bir  .Autonetics'  evaluation. 

.Ml  hardware  was  evaluated  during  the  two  week  period  in  the  presence  of  the 
.Northro))  personnel.  There  were  no  problems  with  the  evaluation  activity  or  the 
integritN  of  the  parts  with  the  following  exceptions:  (1)  one  spinner  unit  persisted  as 
a slow  charter.  The  diagnostic  disasseml)l,\  revealed  a small  contaminate  on  the 
rotor  surface.  I he  unit  was  recleaned,  reassembled  and  jilaced  liack  on  prefunctional 
test.  The  unit  then  passed  without  prolilem;  (:*)  the  Northro|)  built  cavity  alignment 
fixture  did  not  locate  on  the  O.dSO  in.  dia.  s|)otface  of  the  twelve  hole  cavit\’  half  and 
did  prove  to  be  a prolilem  for  the  mechanical  alignment  of  the  reworked  s()inner.  The 
misalignment  did  cause  some  siiarking  on  initial  lift-off  attempts  of  the  reworked  unit. 

It  is  pointed  out  here  that  the  cavity  and  rotor  |iarts  looked  ver\'  good:  measure- 
i nients  at  Northroji  agreed  with  measurements  at  .Autonetics  within  the  resolution  of 

the  equipment  used  (lip-inch).  The  .surface  finish  of  (he  MICRDS  cavity  halves 
wei'e  oliserved  to  have  somewhat  "deeper  than  normal"  lapping  scratches  and  it  was 
agreed  that  eialuation  of  the  two  sets  to  be  delivered  in  Feliruary  would  be  pcrformc'd 
and  the  two  best  sets  would  be  chosen  from  the  four  sets  lor  lull  up  instrument 
assembly  and  evaluation. 

There  was  considerable  activity  while  .Northrop  personnel  wei'e  at  .Autonetics. 
Numerous  meetings  were  held.  Hiscussions  included  extrusion  processes,  falirication 
techniques,  shop  lours,  metrology  measurements  and  |irefunctional  test  an!  evahnition 
processes  and  techniques.  Northrop  personnel  did  much  of  the  prefunctional  test, 
cleaning  and  assembl.N  of  their  own  instruments.  Northrop  personnel  took  all  hardware 
back  with  them  with  the  exception  of  the  two  sets  of  rotors  and  ca\ities  which  were 
delivered  on  the  MIC’KON  program. 

(i.  2. ;?  .Supiiort  to  Reliability  .Associate  Conlractor  (Martin  Marietta  Corporation) 

.A  I'cpresentat i ve  from  .Mai’tin  Marietta  Corporation  (.MMC),  w;is  ri'siik'iit  at 
.Autoneti<'s  until  lanuarv  1!)77.  .MMC,  under  separati'  contract  with  AK.Al.,  providi'd 
assistance  in  jk* r forming  reliability  studii's,  pri'dict ions,  lailure  ri'|)oiling  analysis 
;md  independent  reliability  .analyses  in  siipjiort  of  this  jirogram.  Di'sign  and  reliability 
data  were  pprovided  to  MMC  to  assist  them  in  their  various  :in;ilyses. 

(i.  2.  1 Other  .Associate  Contractor  .‘■'U))iK)rl  Activities 

(itlu'f  activities  in  su|)i)ort  of  .Associate  Contractors  are  discussed  in  the 
following  pa ragr:i()h.s  of  this  repoi'l; 

Para  2.  1.  10  Ttibrication  of  MKSC's  for  Second  Source 

Para  15.2  Dcwadopnu'nl  Tests 
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Ill  ;i(l(lition,  sii|)|)<in  loCSDl,  lor  the  non-dcsl  ruct  ihic  rolor  and  covitv  cirortH 
also  i nc liii l('i I the  lollouin^  acl i\ it ics: 

Six  lioo  /111  blaiilss,  w hich  w<'rc  received  from  CSDl.  in  dune  iU7<;,  were  nickel 
plated  in  liilv  in  suppoil  ol  mauni'tie  siiseepi  ihi  lit  v tests  to  lie  eondiieted  on  the  platiim 
material  at  ( SI)I..  During  Aunnst,  the  blanks  \\(“re  processed  hv  Auloneties  to  render 
the  ntiits  susceptible  (With  \ariations  between  units).  K va  liiat  ion  revealed  that  two  o( 
the  units  should  be  exposed  to  additional  bid-.inn  i>i  order  to  establish  a urotiler  ranKc 
ot  siiseeptibilitv.  This  was  also  aeeomidished  durinn  August  HtTti.  Following  siib- 
se(|uent  ret<'stin-;  ol  these  two  units,  it  w;is  decidc'd  to  bake  one  of  the  two  for  an 
additional  ten  days  at  .■!I)0*M'.  't  his  baking'  and  (diaraeteri/.ation  w.as  eomitleterl  in 
Septc'mber.  The  flats  were  returned  to  CSDl,  in  lanuarv  1!)77. 

(i.:i  rASK  r,.:i.  cos  t of  ow.nfksiiip 

The  purposes  of  this  task  were  to  update  as  necessary  the  Phase  2A  cost  of 
ownership  model  and  support  the  KP.M  analysis  and  design  task  through  :i0  September 
i;'7r)  by  Irarliny  off  produribility , reliability,  and  maintainability  parameters  to  arrive 
at  a MICRON  desif;n  which  will  result  in  low  cost  of  ownership. 

Cost  of  ownership  support  of  the  Kn^ineerin|>  Prototype  .MICHO.N  (KP.M) 
resulted  in  several  pnxlucibility,  reliabilitv , and  maintainability  tradeoffs  as 
described  in  the  following;  paragraphs. 

.■\lthou)"h  this  effort  continued  Ihrounh  the  duration  of  the  Phase  2H  contract, 
only  the  cost  of  ownership  activity  performed  under  contnict  (a  Auityt.st  197r)  through 
.■{()  September  l!t7rj)  is  reported  hi're.  Conseguently,  the  following?  ptiraKniphs  reflect 
status  ;i.s  of  Id)  Septiunbi-r  l!)7r). 

(i,:{,  1 Producibilitv 


rhi‘  process  flow,  application  of  sLindards,  material  ciist  estimate,  and  cost 
priviietions  for  the  "Preliminary  Hybrid  Fleetronics  Definition"  were  completed.  The 
same  "Prelimiary  Hybrid  f leetronics  Definition"  p;ick;iKi*  was  submitti'd  to  the  Hybrid 
■Microelectronics  Division  of  Collins  Radio  Croup,  Dalhis,  'IV-Xiis  for  a "UK  P"  cost 
estim.'ite.  fivaluation  of  th<‘  above  data  indicated  a [X)tential  savinf>;s  of  >S;|,  000  per 
system  in  recurring  and  non-recurring  costs  by  utili/inu  the-  Collins  facility. 

It  should  be  noleil  that  the  Collins  estimate  was  for  hybrids  fabricated  on  thin  film 
substrates.  .\t  the  time,  Collins  was  setting  up  a hi-rel  thick  film  process  facility 
with  plans  to  be  in  production  by  .April  l!t7(;.  This  capability  would  allow  the  continua- 
tion of  present  hybrid  design  for  .MICRON  and  the  advantiinc  of  utili/.inn  that  process 
which  is  most  cost  effective  for  each  hybrid  circuit.  .Additionally,  production  set  up 
costs  are  redueeil  by  utili/inn  the  existiii);  process,  assembly,  and  test  facility. 

The  .Mf.St;  drawinn  package  (.7  21  7.7  eonfinuration)  wtis  proci'ssed  through  the 
work  measurement  uroup  for  application  of  standards  to  all  details  and  assembly 
operations.  .All  possible  buy  type  items  vvt'i’e  processed  through  Purchasing;  for  (|Uotes 
from  suppliers.  Cost  projections  devclopc'd  for  the  standard  labor  content  and  then 
compared  a);ainst  the  "buy"  c-osts  indicaited  a 1.7  to  20  pi-rccnt  cost  savinns  by  utili/in); 
those  specialty  suppliers  for  appro.ximatcly  .'10  percent  of  the'  dc'Uiils.  Fifteen  drawinns 
were  "red  lined",  c'valuated  for  cost  tradeoff  (.70  percent  labor  reduction  in  these  parts) 
and  returned  to  the  desi(;n  j;roup  for  analysis  and  chan);es. 
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A study  to  iiKtUo  Si;r  modules  into  lout'  modules  insteud  of  two  was  eomplelcfl. 

|Ji  tlie  two  module  eonee|)l  hvdrids  a fe  mounted  on  both  sides  of  an  einht-layer  alununum 
core  hoafil.  In  the  lour  module  version  hvbrids  are  mounteci  on  one  side  of  a four-laver 
hoard  with  a surlae<'  heat  sink.  The  study  indicated  a system  savings  ol  approximately 
$2r)0  tortile  four-module  eonfiuurat  ion. 

• >..'1.2  Uelialiilitv 

(i..'!.2.1  Kelialiilitv  Apportionment 

Analxsis  of  the  Phase  2H  ACP  reliahilitv  requirement  was  initiated  with  the 
apportionmetit  of  the  production  INI  specified  M'I'I?!''  (W^)  to  the  suhtissemlily  level 
(i.e.  , Sid  . DIM  . etc).  The  apportioned  .M  THP  value  for  each  subassembly  and  the 
eorrespondinn  M THI's  predicted  at  the  end  of  Phase  2.\  are  shown  in  Table  This 
apportionment  was  eonsiflered  preliminary;  and  was  updated  to  reflect  the  results  of 
the  prediction  stud\  and  trade-offs  examined  b\  the  Cost  of  Ownership  team  during 
I base  2 It. 

().:t.2.2  Ueliabilitv  Preiliction 

■At  the  beginning  of  Phase  2H  an  initial  prediction  for  the  .MICRON  INI  was 
projected  for  completion  during  the  month  of  September  111?.').  However,  activity  on 
this  effort  was  being  paced  b\  the  release  of  a firm  product  description  containing 
detail  information  on  system  partitioning,  circuit  design,  board  layout,  and  parts 
r lists.  The  preliminary  issue  of  the  product  description  occurred  on  2!t  September  ItiT.') 

which  lesulted  in  the  start  and  com|)letion  of  the  actual  prediction  effort  to  occur  after 
the  contract  period  for  this  task.  (Note:  The  prediction  study  was  continued  and  the 
initial  Phase  2H  prediction  completed  in  early  December  197.‘).  ) 

rAHI.K  ")ii.  PIIASK  2B  HI-  I.IA  HI  TITY  .M  TBF  APPORTIONMKNT  - MICRON  (.ACT)  INT' 


APPORTIONED 

SPEC  RQMT 

PHASE  2A 
PREDICTION 

MECHANICAL  HOUSING  UNIT 

(MHU) 

22.000 

29.155 

INSTRUMENT  ASSEMBLY  UNIT 

(lAU) 

4,444 

6,329 

SUPPORT  ELECTRONICS  UNIT 

(SEUI 

S.333 

11,500 

DEOICATED  PROCESSOR  UNIT 

(OPU) 

4,000 

4,235 

POWER  SUPPLY  UNIT 

(PSU) 

26.666 

10,000 

MULTIPLEX  TERMINAL  UNIT 

(MTU) 

10.000 

16,025 

CONVERTER  UNIT 

(CU) 

44.444 

53,475 

INU  SYSTEM  TOTALS 

MTBF 

1,260 

1,436 

FAIL  RATE 
(%/103  HR) 

80.00 

69.65 
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Spff-il'ication  DevolDpment  (Support) 

/{elial)ility  design  and  quality  assuranet*  vei-ifiration  l•er|uireme^ts  were  generated 
for  inclusion  in  the  powc-r  sulisvstein  specification.  The  relial)ility  provisions  of  this 
specification  were  utilized  as  a basis  for  drafting  the  remaining  subsystem  specifica- 
tions develo|)e<l  during  Phase-  215. 

Ihe  draft  si)ecification,  entitled  "fharacteristics  for  an  Inertial  Navigation 
System  (INSi,  ' was  reviewed  and  reliability  comments  generated  for  inclusion  in 
•Autonetics  response.  This  document,  dated  duly  I'tTf),  w'as  pre()ared  and  distributed 
In  .ASl).  .M'Sf,  W I’.M'H  for  comment  l)y  i)otential  INS  suppliers. 

('..  :t.  2.-I  Autonetics’  lleliabilih’  Stuch-  Activities 

().;i.2.1.  1 Hearn  Lead  Reliability  Surves . He:un  lead  device  reliability  was  the 
subject  of  a telephone  survey  conducted  for  the  .MIC'HON  pre^ram.  Hv  wa,\  of  an 
introduction,  each  of  the  individuals  contacted  were  advised  of  .Autonetics  intentions 
to  utilize  HL.SJ  devices  in  the  design  of  hyl)rid  electronic  circuits  for  the  .MICRON. 

.Also,  the  sur\e\  was  l)eing  conducted  to  gain  additional  insight  into  the  actual  experi- 
ence data  of  othei-  users  in  sufficient  detail  to  permit  a continuing  evaluation  of  the 
l)eam  lead  risks  associated  with  achieving  MICRON  goals.  .A  response  was  also 
solicited  from  HI,  users  possessing  data  to  compare  their  results  and  conclusions 
with  those  expressed  by  the  Hughes  reliability  study. 

Telephone  contacts  were  initiated  and  c-ompleted  with  representatives  of  12 
separate  companies  and  agencies  concerned  in  one  way  or  another  with  l)eam  lead 
device  relial)ilily.  Sinc-e  ex|)erience  data  was  the  main  concern  of  this  surve>  , most 
of  those  individuals  c-ontacted  re))resente(l  the  "user"  as  op(K)sed  to  the  "manufactui'er" 
side  of  the  HI.  community.  Survet  c-ontacts  are  listed  below: 

• Hendix  Corporation,  Kansas  City  Division,  Kansas  Cit.\ . .Mo. 

• Collins  Radio  Company,  .Avionics  Division,  Cetiar  Rapids,  Iowa 

• Collins  Radio  Comi)any,  Hybrid  Meet ronics  Division,  Dallas,  Texas 

• IH.M  Cor|)oration,  Federal  Systems  Div  ision,  (Avego,  New  \ork 

• .Martin-.Marietta  Corporation,  Denver  Division,  Denver,  Colorado 

• Raytheon  Company,  Industrial  Components  Division,  (Quincy,  Massachusetts 

• Raytheon  Company,  .Missile  Systems  Division,  Hedford,  .Massachusetts 

• Raytheon  Company,  Semiconductor  lAvision,  .Mt.  View,  California 

• Rome  .Air  IX;velo|)ment  Center  (RADC),  R&.M  Kngi  nee  ring,  Rome,  New  Aork 

• Rome  Air  Development  Center  (RAD('),  Reliability  Analysis  Center  (R.AC), 
Rome,  New  A'ork 

• H.S.  Army  Klectronics  Command  (KCO.M),  Ft  .Monmouth,  New  Jersey 

• Sandia  Corporation,  Sandia  l.abs,  yMI)uquerque,  New  .Mexico 
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Sur\c\  Hesult.s 


Availahiiifv 

• Availal)ility  protjU-ni  will  l)c  aroimil  awhile 

• Industry  demand  not  larj;e  en(>uf;h  at  present 

• Allow  weeks  lead  time  loi'  hinh  ridiability  devices 

• Select  parts  carefully  - avoid  complex  custom  circuits 

• Continuous  HI.  produetion  currently  ;it  lexas  Inst I’unu.uits , HCA,  and 
Hav Iheon 

• Ht'  pre()ared  to  commit  I'esources  lor  devtdopment 
Keliahilitv 

• .Manufacturer  user  assessments  a^ree  that  HI,S<I  device  reliabilitv 
is  superior  to  chip  and  wire  (CkA\  i 

• l.ots  of  Hell  I.aboratories  data  - but  little  otherwise: 

IC  failure  rate  (communicaiion  equipment) 

0. 1)0011  - 0,  OOlil  c/lOOO  hours 
IC  failure  rate  (S.AFKCI  .ARI)  Life  Tests) 

0.001  - 0.00s',/1000  hours 

• Hetidix  Sandia  claim  Trident  ex[)erience  compares  with  Hell  Laboratories 

• Hendix  Sandia  claim  some  new  failure  modes  but  indicate  they  are 
predictable,  screenable  and  controllable 

• Texas  Instruments,  RCA,  .Motorola  and  Raytheon  using  Hell 
Laboratories  HLSJ  process 

• Careful  attention  to  detail  in  procurement,  screening,  handling, 
assembly  and  rework  essential  to  success 

• Devices  may  requirt*  a protective  coating  to  guard  against  particle 
contamination  dui’ing  assembly 'rework;  moisture  protection  may 
not  lie  required  for  normal  use 

• .Manufacturers /users  do  not  support  reliability  conclusions  of  the 
Hughes  HI.  study 

Testal)ility 

• HI.  carrier  to  improve  testability  - available  soon 

• Hendix/Sandia  require  visual,  DC  (vrobe  and  temperature  acceleration 
testing  of  an  expanded  wafer;  and  electrical  characterization  tests  of 
die  samples  mounted  on  open  header 
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• Ik'nilix  S;inili;i,  K;i\lho()n  iind  Collins  rlaitii  ,•'.»(»  , yiclil  of  lil.  devices 
(itududinf;  i-eworki  through  final  (deetrieal  tests  of  hybrids 

• Provide  for  test  point  pads  on  hybrid  for  fault  isolation 

Cost 

• Havtheon  study  indicates  simple  circuits  (ti  active  devices)  may  be  less 
cost  effective  if  libSJ  devices  are  used  rather  than  C&\\  . 

9 Costs  are  high;  but  attention  to  detail  can  yield  savings 
Sur\iy  Conclusions 

A rt  \ i(  \v  of  thi  survey  i-esults  and  published  information  obtained  suggests  that 
Autonetics  is  procei'ding  on  a course  of  minimum  risk  with  i-ega  rd  to  implementing 
th(  beam  lead  technology  , lor  i xample; 

1.  Careful  atf<'nfion  has  been  given  to  development  ol  the  .MIC|{(>X 
Item  Identification  Document  testing  requirements. 

2.  Parts  are  being  sv  lected  carefully  to  maximize  standardization, 
cost  effectiveness  and  availability. 

;i.  Hearn  lead  carrier  development  is  continuing  and  looks  promising. 

1.  Tlu  majority  of  thi  beam  lead  active  devices  in  the  current  MIC  HON  SKI 
and  lAl  electronics  design  are  transistors  and  diodes  which  have  proven 
to  b(  reliable  and  cost  effective  per  Hendix  and  Collins  experience. 

2.1.2  H(  liability  I mprovement  Warranty  (HIW)  Investig-ation.  A review  of 
available  | -I  I I .Avionics  and,  in  p.articular  N-Ki  INS  field  pi  rforniance  data,  was 
initiated.  TIk  purpose  of  this  effort  was  to  establish  a basis  from  which  to  formulate  a 
proposed  reliabilitv  improvement  warranty  (HIW)  M THf  for  the  MICHON  INS. 

().  U.  ;i  Mainta inability 

Life  cycle  cost  studies  were  completed  to  provide  gnidelines  for  pvvwer 
supply  redundancy  (secondary  rotor  drop  prevention)  :ind  nuKlule  (SHC)  size/value. 

The  studies  in  both  areas  were  accomplished  using  the  -luly  7")  stand-alone  MICHON 
definition.  Maintainability  characteristics  were  varied  from  this  eonfigtt ration  to  define 
the  various  alternatives  applicable  to  the  questions  in  point,  rhese  values  were  input 
to  the  KCC  modi  1 to  determine  cost  sensitivities  and  potential  savings.  In  all  cases 
the  recurring  hardware  cost  to  effect  the  alternative  was  not  considered.  The  i-esultant 
gmidelines  were  then  used  to  evaluate  specific  design  approaches  by  subtracting  imple- 
mentation costs  from  the  predicted  savings  of  that  approach. 

Heplaceable  mtMlule  size  (value)  has  a direct  impjict  on  spares  and  corrective 
maintenance  costs.  ,\  larger  numbei'  of  lower  priced  assemblies  decreases  the  co.st 
of  items  in  the  repair  pipeline.  It  also  decreases  condemnation  costs  in  the  event  a 
nuKlule  becomes  beyond  economical  repiiir.  Opposing  these  savings  art'  increased 
spares  management  costs  and  more  difficiilt  fault  isolation  to  the  failed  module.  The 
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m l t licet  f(ir  MI(  |{()N  wii.s  e\iil\iiif( d In  disidin^  sonu  of  the  iihkJuIc.s  in  thc  luh  I!)?.') 
st:ind-;donc  svstrin.  The  modidc  divisions  used  ;ind  predicted  residts  are  iflentilied  in 
Talile  r,7.  In  sinninan  tins  stud\  showed  that  tlie  i educed  niodul.  si/es  could  have 
up  to  s'l.ThO  sa\in>;s  p<  i'  svstein, 

S<  nsiti\it\  o|  the  ili  ins  listid  in  TaliU  .'iT  to  pi'icc  and  relial)ilit\-  was  detiiu  tl  h\ 
also  \ar\  ill);  these  paraineti  rs  for  the  om  and  tliree  unit  power  supply  approaches. 
These  results  are  t-  itiphed  in  1 ij^ure  !(1.  This  sliows  that  if  the  goals  of  SI,  000  and 
10,000  hr  M Tltl  are  met  tin  module  div  ision  no  longer  offers  much  advantiigc. 


Socondarv  power  drops  caused  In  power  supply  failures  may  he  rcdiK-ed  by  either 
improving  the  primai'v  failure  laite  or  including  redundant  power  sources  and  isolation 
circuitrv  . TIk-  iatler  alternative  defeats  itself  to  a certain  extent,  however,  hv 
geiK-rallv  increasing  the  primary  failure  rate  and  unit  price.  Figure  ‘JU  was  developed 
to  lu‘  useil  as  a tool  in  sehjcting  the  best  combination  of  these  two  approaches.  .As  an 
example  of  how  this  cui  vc  ma,v  lie  used  assume  a 40,  (100  hr  .M'TMF  unit  which  causes 
two  ilrops  per  failure.  The  curve  shows  that  this  is  worse  than  a 10,000  hi’  unit  with 
no  secon.'larv  failures.  However  it  is  better  than  a 20,000  hr  supplv  with  one  drop 
per  failure. 

All  studii's  performed  on  MICRON'  to  date  showid  that  a Rase  shop  IMI  repair 
and  calibration  maintenance  philosophy  is  less  costly  than  De’pot  Repair.  This  is 
due  to  the  additional  tc.st  equipment  and  other  resources  required  at  each  base  shop 
be  ing  more  than  eiffsct  liy  spares  in  a long  depot  pipe  line'.  Because'  eif  these'  conelusieins 
the  re'  was  minor  conce'rn  from  time'  to  time'  (based  on  e^xpe  rience'  with  gimbaleel 
sYste  ins)  that  the  lowe  r skill  le  vels  anel  working  conditions  at  the  base'  shop  might  not 
reallv  .dlowlMl  repairs  involving  instrument  replace'inent  and  calibration.  One 
seilutiem  preipeised  was  a single'  shop  re'placcable'  unit  consisting  of  the  instrume  nts  and 
all  e leetronies  asseieiaterl  with  the'  calibration  cemstants.  'This  would  allow  a simple 
remove'  anil  re  place'  function  at  the'  base'  shop  eU'ferring  calibration  and  detailed 
repa i r to  the'  lU'pot. 


,\n  ineiication  of  the'  life'  cycle'  co.sts  associated  with  a calib ratable  SRC 
alte  rnative'  was  de  ve  lope  el.  This  was  done' by  simply  rearranging  the  .luly  1975 
svste  m elata  in  the  [.CC  model.  The'  instnime  nts  and  suppoi-t  ele-ctronics  which  affect 
calibratiein  as  defineel  for  that  sy.stem  were  arranged  into  eine  SKL.  This  approach 
does  not  consiileT  any  volume,  weight,  or  additional  price  impacts  which  in  reality  will 
probably  be  re-quired.  Its  purpose  was  only  to  proviele  insights  into  potential  Ic^istics 
cei.sts  ;uid  savings.  The  conclusiein  of  the  stuch'  was  that  a calibratable-  SRC  concept  does 
not  eiffcr  I.CC  savings  comparable  to  a tot;il  base  repair  and  caliliration  maintenance 
concept.  (Quantitatively  these  .savings  are  as  follows  eompareei  to  a total  depot  repair 
concept. 


Packaging/.Maintenance  Concer 


LCC  Savings  per  System 


Calibratable  SHU 


S12K 


Total  Base  Repair 

■J  h*'  physical  constraints  not  quantified  at  this  point  also  favored  the  total  base  repair 
approach.  As  a result  thi'  maintainability'  emphasis  was  continued  toward  hardware 
features  allowing  for  ease  of  base  maintenance*. 

2.5  G 


I 


TAHI.I-  'u. 


i{i;ni  <'i;i)  modi  i.i-:  si/i':  im  i>ac  i‘  < )N  i.i  i i-:  cvci.k  ( ( )S  i' 


Potential  Dollar  Savings  from  Design  Change 

Proposed  Design  Change 

Initial  Spares 

Average  Cost 

Per  INU  Repair 

Total  Life  Cycle 

Cost  per  System 

Divide  the  Suspension 

Module  Into  Two 

Identical  Modules 

$298,000 

S 7.87 

S 480 

Divide  the  2 SEU 

Modules  into  4 

Modules  (3  types) 

$324,000 

S 9.66 

S 460 

Divide  the  Power  Supply 

Assembly  into  3 Separate 

Plug  in  Modules 

$226,000 

S26.49 

S 786 

Total 

$848,000 

S43.91 

SI, 716 

•POTENTIAL' 
SYSTEM  LCC 
SAVINGS 


SI.SOOi- 


NOTE 


Sl.OOOh 


$600  h 


10,000  HRS 


THESE  CURVES  PRESENT  THE  POTENTIAL  LCC  SAVINGS 
OF  A 3 UNIT  POWER  SUPPLY  OVER  A 1 UNIT  POWER 
SUPPLY.  THE  DATA  IS  PRESENTED  AS  A FUNCTION 
OF  VARYING  TOTAL  ACHIEVED  PRICE  AND  RELIABILITY 
THE  SAVINGS  DO  NOT  CONSIDER  ANY  DIFFERENCE  IN 
ACOUISITION  PRICE  BETWEEN  A 3 UNIT  AND  1 UNIT 
POWER  SUPPLY 


POWER  SUPPLY  PRICE  > $8,000 
POWER  SUPPLY  PRICE  • $6,000 
POWER  SUPPLY  PRICE  - $4,255 


20,000  HRS  30,000  HRS 

POUIFR  SIIPPI  Y MTRP 


40,000  HRS 


Figure  91.  Itjwer  .'Supply  Packaging  Sensitivitj-  Stucfy 
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!)2.  I’owci-  Supply  llcdundniu-y  (iuidi  iiiu'S 

Thi'  snisilix  ily  of  the  .ihovo  dolliir  diffrrcnccs  to  v.'ii’vint;  .icliii'vt'd  calibi'alion 
slal)ilil\  pci’itxls  and  failure  rates,  was  also  in\a.‘sUt;ated.  'I'lie  r<'sults  ai'e  plotted  iti 
f igures  ;):5  and  91  . It  is  interi'Slinfi  to  note  that  at  a failuri'  rate  alaiut  .‘iO  percent 
of  that  predicted,  de|X)t  repair  bt'conu  s the  least  c-ostl\  but  that  a calibratable  Sill 
approat-h  nevei-  becomes  the  lowi'St. 


6 MONTHS  12  MONTHS  18  MONTHS  24  MONTHS 

CALIBRATION  STABILITY  PERIOD 

I'i^urc  ;).■{.  lJf«-  Cy<dc'  Cost  vs  Calibration  Stability 
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0.1  O.b  1.0  1.5  2.0 

FAILURE  RATE  (NORMALIZE U TO  PRE DICTED  VALUE ) 

I'iS'urc  !)1.  I.it'e  Cycle  Cost  vs  I'ailute  Kate 

ti.  t T ASK  .-..4,  PAICI'S  I’lUKIKA.M 


The  purposes  of  this  task  wei  e to  support  the  pro(iucihilit\'  and  reliability 
engineers  thi-ounh  .TO  September  I!)?.')  in  the  area  of  selecting  parts  foi-  the  lil’.M  atui 
to  eompleie  the  development  of  the  MtXS  .A  I)  converter,  spin  motor  control,  and  l.Xl 
MtxS  chips  initiated  under  Phase  ZA. 

0.4.  1 Parts  Selection 


Component  lin^ineers  supplied  parts  cost,  application  and  reliabilitv  to  the 
appro|)riate  .MlCUd.N  personntd  in  sup[)ort  of  KP.\1  design  and  parts  procurement. 

T ratieoff  of  performance,  cost,  and  reliabilit>'  wei  e evaluated  and  recommendations 
provided. 

T he  400  volt  ti-ansistoi-  c-hips  (to  bc'  evaluatc-d  for  use  with  the  small  f;ap  uA  ro 
Charge  Amplifier)  were  received  from  Fairchild  and  KC.\  and  weri’ subjectedto  perform- 
ance probj-  tests.  llow«*ver.  extensive  lestinn,  includiii);  packajted  devices,  was  not 
(lerformed,  as  planned,  because  of  the  late  receipt  of  the*  ItC.A  [larts.  The  probe 
te*st.s  were  satisfactory. 

The-  eh'ctronical  characte  rization  of  five-  elifferi'nt  operational  amplifiers 
(packaged  versions)  wtis  completed  and  the  data  was  submitted  to  Design  engine  e ring 
to  support  final  de-sign  and  se  le*ction  of  parts. 


2.59 


( ■.iri'it'i's  lot'  lii  l)(  am  integrated  eireiiits  were-  reeeiM'd  and  esaliiation  ol  the 
eanders  i-ommeneed.  Initial  results  indicated  that  the  ovei-si/e  hole  lor  the  de\ie(’ 
was  ei’eatin^;  beam  eleetrii’al  eontai’t  problems.  Subsequent  (valuation  usinj; 
automatic  loaders  with  tlu  parametei-  measuriiij^  equipment  lawcaled  relatixc  move - 
ments  ol  di(  , i-etainins;  springs,  etc.  I urthe  r desipi  modifications  were 

recommended  to  imi)ro\e  these  carriers. 

• i.  1.12  A DCoinerter  M(tS  Circuit 


riu  A I)  Coin  i'ider  M(  IS  Circuit  (I’^N  liaOOS)  was  designed  to  reduce  tlu 
component  caumt,  i-educe  cost,  aTuI  improxc  the  speed  and  performance  of  the  Id-bit 
A I)  ia)n\(  i-t(  r required  for  the  s\stem.  The  new  MOS  convciter  reduces  cost  b\ 
about  Si  70  from  the  piaw  ious  configuration. 

A functional  l)locl<  diaj^ram  of  the  A I)  Conx  erter  .M(  )S  circuit  is  sliowu  in 
1 i^uia  The  OaOOs  chip  has  a die  si/e  of  0.  10!)  x O.lidO  inches.  There  are 

7,000  transistors  on  the  chip.  The  pi'ocess  used  is  the  lAN-a. 

In  the  i:i>M  S,\  stem,  a maximum  of  Od  analog  signals  can  be  conxerted  to  a 
binarx  co<le.  The  multiplexer  is  addressx'd  and  one  of  the  (id  si};nals  passes  through 
the  MI  X to  the  A 1)  Conxi'iter.  When  thi'  A I)  is  presented  xxith  a start  conxt  rsion 
pulse,  SC,  the  conxersion  bej;ins.  The  sxx'itches  in  the  A 1)  a I'c  sequentiallx  set  to  a 
oiu  and  then  thex  are  exaluatc-d  bx  monitorin};  lA  l)  T.  Operation  is  as  folloxxs: 

Hefoi’e  conxfi'sion  begins  SW'l  is  set  to  a one  (-dX)  and  all  othims  ai’c  set  to  a 
zero  ( dX  ).  Txvo  bit  times  alter  the  SC  pulse  ari'ixfs  SXXl  is  exaluated,  i.e.  if  1 X'D'T 
is  a zero  then  SXX  l is  I'eset  to  a zero.  If  lA  D'T  is  a one  then  SXX  l remains  a one. 

Next  SXX'2  is  set  to  a one.  The  following  bit  time  it  is  I'xaluated  and  so  on  thni  S\\  Id. 
After  all  sxxitches  haxc  been  I’xaluated  tlu  MSH  (SXX  l)  is  transferred  directlx  to  the 
output  register.  All  fitherbits  ai-e  inxci-ted  before  t lux'  are  t ninsferi’ed  to  the  output 
register.  The  binarx  number  in  the  output  I'egister  is  the  binai’x  equixali'iit  to  tlu 
analog  xoltage  at  the  in])ut. 

Then  xxas  om  diasigii  and  one  redesign  of  the  (idOOs  chip.  After  tiu'  original 
design,  it  xxas  discoxcred  that  the  actixe  pull-up  ti-ansistors  (depletion  mode)  xxi'i'i- 
too  sloxx  for  the  clocks  to  function  properix  at  12d  kllz.  It  xxas  also  found  that  a 1 ICT 
xxas  misconnected.  TIh  chip  of  the  original  design  xxould  not  conxci-t  properix.  It 
xxould  eonxeil  onix  toexen  binan  numbers. 

Sxxitch  impedances  wen*  measured  on  the  (idOOM  chip  at  7()”c  and  at  room 
temperaturi'.  These  data  xx'ere  used  to  compute  an  axerage  sxxitch  impedance  x alue 
to  be  used  in  making  the  A 1)  resistance  ladder.  The  A 1)  Itesistance  I. adder  Xitxxork 
was  fabricati'd  bx  llalex  Corp. 

All  ol  the  A/I)  Conxerter  hxbrids  haxc  performed  better  than  specification 
requirements.  'The  maximum  alloxx-iible  standarfl  di  viation  for  1 inea ritx'  is  1.22  mX'. 


<i.  I. Spill  Motor  M(  )S  Circuit 


rile  Spill  Mdtor  M(  IS  Ci  remit  uiis  elcsifiiicd  to  rcfliiC’c  the  ininiticr  ol'  components 
iind  h\l>rid  i-ireuils  required  tor  spin  motor  control  and  tor  temperature  control.  The 
result  is  a reduction  in  cost  anel  improvement  in  rel iahi litv'.  '['he  cost  saving's  is 
SlOO  - SoOO  per  svstem  with  the  Ml  IS  dev  ic-e  utilized  in  both  the  temperature  c-ontrol 
and  spin  motor  control  applications. 

A block  diagram  ot  the  Spin  Motor  Control  Ml iS  circuit  is  shown  in  l ij;\ire  t)<;. 
This  device  cmn  provide  the  toIlovvinf>:  output  siftnals; 
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\lcx 
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ek’V  V y v elcz  / /. 

and  S can  be 
/ 

e-hanged  v ia 

till’  e’omputer  data  bus. 

riu- 

output  signal  meMlulation  can 

be’  elc’le’te’d  by 

tv  iim  tin  input  modulation  signals  to  DC  le  vels. 

The  Spin  Motor  MliS  circuit  is  fabricated  with  a bulk  PMOS  process  (II’N-aO, 

-’ll  .'ill  III.  rhi  nominal  value  of  the  eleplctievn  devices  is  -a  v anti  -'1  v for  the 
< nhanea  nn  nf  eh  v iea  s.  The  minimum  value’  of  the  fielel  inve’rsion  voltage’  is  .‘1(1  volts. 
I'Ik  flit  sizi  IS  1711  mils  x !)()  mils. 

''I  v<  ral  ri  lit  signs  were  required  to  impi’ove’  yielels  and  reeluce’  the  vvielth  eif  a 
transit  nt  spikt  that  appeareel  on  the’  output  which  was  about  7 microse’e’onels  vviele’. 
riit  transit  111  ft  sulti  d in  signal  disteirtion  in  the’  polhoele  elamping  mode.  I’lie 
pi’tililt  If  \v;is  :tllt  viati  el  liv  provieling  a be’tte’r  driver  for  the’  nieist  significant  bit  tei 
spt  t fi  ..p  fht  switching  time.  I'he  width  of  the  transient  spike’  was  re’duce’fl  to  one 
line  rost  etiiid  which  is  satisfac’ton'. 

1 ittv  Ml  iS  dev  ie’i’s  were  packag'eel  anei  test  results  showed  that  the’  Spin  Motor 
Mil''  Circuits  (iiriDlO)  meet  svste’iii  requi  re’ine’nts. 

It.  1.  I 2.^'  JM' 

This  effort  e-ove’reel  the  ele’sign,  fabrication  aiiel  t<'st  activitv'  of  MOS/l.Sl  ele’viccs 
whie’h  were  identifieel  tluring  the  Phase’  2A  contract  as  coni ributors  to  significant  ceist 
ri  diK’tions.  rin  si’  elev  ices  were’: 

1.  riming  and  Ke  fcrenc'e’  Cicnerator  Control  ( I'lUiC),  later  reele  signate’d 
as  MCM  and  DMA  Timing  Ce’iicrator  (MK'l’Ci) 

2.  Counte  r anel  Sequence’]'  (CASC) 

3.  t^uasi  llcfcrenci’ Cicnerator  (tjlt  I’ti) 

1.  Diri’ct  Memon  Access  Control  (l)MAC). 
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rli(  (li  \ clopnn  iit  of  two  of  the  M(  )S  (iiw  iccs  (CASC  !in(l  DMACi  were  stopped.  In  the 
I I'M.  these  functions  are  i nipleniented  with  bipolar  MSl/SSI  inteni-ated  eireuits. 

This  decision  was  made  to  eliminate  the  liigh  schedule  and  cost  risk  which  would 
ha\e  result(  (1  from  premature  commitmcTit  of  these  functions  to  I Sl  design. 

rh(  I'cmainin^;  two  de\  ices  were  designed,  fabricated  and  tested,  block 
diagrams  of  tiu'  Ml  TC.  and  t.'KI  <’  dc\  ices  are  shown  in  1 iKUi-es  !)7  ami  !)H. 
respi  c’t  i \ l b . 

The  mi:  rti  chip  provides  tlu‘  brake  control  ionic,  siniials  which  drive  the  V, 
and  ’/  accelerometer  i nt(‘nrators , MIM  Demod  timinn  controls,  and  K.MA  timinn  pulse 
trains.  I'he  Ionic  in  this  de\ic-e  consists  primaiMly  of  fref|uenc\  dividinn  counters 
used  to  nenerate  fixed  frequencies  and  timinn  sinnals.  The  1 .Mil/  clock  frequency 
is  divided  down  to  provide  outputs  of  .‘bi-l  ;i  kll/.  (square  wave),  lOK  PPS  and  a 
UliOO  11/  sinnal.  The  dividinn  continues  to  32  11/.  .\  strap  input  is  us«.*d  to  select 

whether  the  22  11/  or  til  11/  will  l)e  used  for  the  fast  c\fle  interrupt.  Three  other 
sinnals  are  nenerated  with  fi\c;d  dela\s  from  the  selected  fast  r\ele  interrupt.  These 
sinnals  are  used  to  control  the  samplinn  of  tlu*  .Mf.M  demod  sinnals.  l-'inally,  a 
small  block  of  Ionic  is  included  which  is  used  to  condition  the  asynchronous  K.M.A 
sinnals  to  s\ iichi-onous  increment  commands  foi'  the  K.MA  counters. 

The-  C^HKti  prov  ides  the  quasi  refeo’ence  frequency  nmierator  ior  one  IwSC.  Two 
devices  per  svstem  are  used.  This  Ionic  consists  of  a 12-bit  renistei’  and  a 12-l)it 
rate  niultiplier . The  output  from  this  section  is  a pulse  train  whose  period  is  tiot 
nenerallv  s\ nimetrical,  but  is  a frequenc.v  whose  averane  rate  is  equal  to  ff..\  where 
f,.  is  the  clock  fr«-quetic\  (1  Mil/)  and  0 £ X < 1 . In  paidicular,  .X  .\  lO'.ni  where  N 
is  a 12-bit  binai'v  number  0 £ .N  - It)'.).").  This  pulse  train  is  an  input  to  a divide-by- 
Ui  count«‘r  whose  output  drives  a modulo  21  counter.  The  outputs  of  the  modulo 
21  counter,  tonether  with  SP,  SN,  C’.M  Discrete,  and  I1I;AT  are  used  to  nenerate  sine, 
cosine  waveforms.  One  device  is  used  for  each  liSt!  frequency,  and  the  Sfil.KCT 
O^'KO  1 2 input  selects  which  device  will  drive  the  spin  motor  control  sinnals. 

because  of  the  complexity  of  tlu'  MI'TO  and  QRl'G  circuits,  n recyclinn  effo)"! 
was  anticipated  and  scheduled  foi’  both  devices.  The  rccvclinn  w'as  indeed  ncccssan  . 
Test  results  on  flcvices  from  the  first  wafer  lot  indicated  that  each  device  had  a 
lonical  desin>i  problem.  The  recyclinn  permitted  the  incorporation  ol  a dc'sinii  chann'e 
on  the  Mi;  TO  which  allowed  th(  deletion  of  one  phase  locki'd  loop  circuit  trom  the 
SKI  bo.  1 module.  The  recycl  inn  efforts  were  compU'ted,  initial  del  ivories  of  both 
device  tvpes  were  made  in  .Aivril  l!)7(i  as  scheduled,  and  the  devices  were  satislactorih 
tested. 


I-  igure  98.  Block  DlaKram  of  Device 


SECTION  VII 


TASK  6,  DATA 


The  puriKisc  <)!'  this  t:isk  was  to  pi’cptii'r  aiul  dflivcr  fl.ala  in  accordanc-c  with  the 
Conti  ac  t Data  H(  (|iii I’t  ini'nts  List  (C'DIII.). 

riu'  CDIU.dala  itrms  arc  sluiwn  in  I'igiirf  tli) . rhc  niimlx  rs  in  the  arrows 
rcpri'St  nt  the  solicdiil rd  submittal  dates  for  cac-h  (lat.a  item.  I'hc  shaded  arrows  indicate 
the  eompletefi  items  that  wei’e  submitlefi  to  th('  Air  I'oree.  I'i^rui'e  il9  reflects  the 
contract  ne^otititions  of  Mef  a. 

During  Phase  2H,  Aiitonetics  submitted  cight>  -two  data  items.  The*  actual 
submittal  datt  s of  these  data  itt  ms  were  as  follows; 

CDRL  Item  Date  Submitted 


AOOl  RKD  Status  lte|)ort  19  September  197r> 

17  October  1975 
IH  Xovember  1975 
19  Decern  be- r 1975 
If)  lanuarv  197(1 
19  February  1970 
19  March  1970 

19  April  1970 

18  June  197(i 

19  -lulv  1970 
19  August  1970 

17  September  197() 
19  October  197(i 
19  Novembt'r  1970 
17  December  197() 
19  -lanuarv  1977 
23  I'ebrutirv  1977 

A002  Program  Schedule  19  Seplembei-  1975 

17  October  1975 
19  Novembi'r  1975 
19  Decembi-r  1975 
1()  -Januiirv  1970 
19  Fi'bruarv  197() 
19  March  1970 

19  April  1970 
19  Mav  1970 

18  .June  197() 

19  .July  1970 
19  August  1970 

17  SeptembcM’  197(i 
19  October  197(i 
19  November  1970 
1 7 i)ec‘emb(‘r  197() 
19  .lanuarv  1977 
23  Februarv  1977 
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(’I)KI.  It.ni 


D.ilc  Sdlitniltcrl 


A 003 

Contract  Worl\  HreaUdown  Structure 

2h 

Aunust  1975 

AOO  1 

Data  A<-eessi4>n  l.isl  Inleiaiai  Data 

2s 

.Ma\  1975 

29 

( tetober  1975 

2 1 

No\cml)er  1975 

20 

DiC'tnlx'r  1975 

M 

■ItinuaiA  1977 

23 

Februars  1977 

2 1 

Ai)ril  1977 

29 

April  1977 

A005 

Cl  Development  Spec  (DI  F) 

11 

No\'eml)er  1975 

A 00  7 

Cl  De\'elopment  S[K'C  (INI  ) 

M 

No\-eml)er  1975 

AOOM 


AOOO 


AOOA 

AOOIJ 

AOOC 

AOOD 


Systrni  Spcc-ificalion 
Cost  I’crl'oi'maiifc  IC'port 


1 HACK 

Intorim  Technical  Report 

Final  Technical  Report  (Draft) 

(Final) 

Ceneral  Plan M’roceclurc,  MICRON 
MESt;  Test  Plan 
EMA  Test  Plan 
EPM  Integration  Test  Plan 
Test  Plan  for  EPM  (Part  1) 
Test  Plan  for  EPM  - 
(Parts  2,  :i,  I - Draft) 


Tl  Novemljcr  1975 

2()  ScplcmbiT  1975 
27  Octohi'r  1975 
25  Novcmbci'  1975 
23  Dcccmher  1975 

27  -January  197(i 
2(i  Fi'bruary  197(i 
2()  March  19 7() 

28  April  197(i 
2(i  May  197« 

23  -June  19 75 

29  -July  1975 
2(;  Aujrusl  1975 

29  ScpliTnl)cr  1975 
2h  October  1975 

29  Novi'inbei-  197(> 

21  December  1975 
27  January  1977 
25  Februar\  1977 

30  March  1977 

19  April  1977 

20  May  1977 
17  -June  1977 

22  .July  1977 

27  May  1977 

28  May  1975 

27  May  1977 
August  1977 

15  April  1975 
30  April  1975 
30  April  1975 
3 Fei)ruary  1977 


25  8 


10  February  1977 


niin.  Hem 

l).it( 

■ Submitted 

AODK 

1’  'ociss  Slice,  Second  .Soui’ce 

Motors  and  C'.ivities 

11  1 

'ebruarv  1970' 

AOOI 

Material  Spec,  Second  Sotirce 

Itotors  .and  C'.ivities 

11  1 

'ebruarv  1970' 

Aoot; 

Drawings,  Mll.-I)-1000  Form 

Si'cond  Source  Motors  and  Cavities 

11  1- 

ebriiarv  1970' 

AOOI! 

Drawinns,  .MI  l,-l)-1000  Form  It, 
.Automatic  Cavitv  (Irinder 

!)  F( 

■bruarv  1970 

AOOI 

Contract  Data  Managiment  I’bui 

20  Novemlier  197.) 

'As  pail  of  the  oonlinucd  effort  in  sujiport  of  second-source  di'vi'lopmenl  for  rotor 
and  cavity  faiiricalion,  all  documents  rei/uired  liy  CDIJL  llinis  AOOK,  AOOI',  and 
AOOd  were  sulmiittcd  to  Al'AL  .and  ACt)  prior  to  the  schedule  11  I'lbruarN'  iy7() 
suhmillal  dale.  I'herefori',  no  separate  submittal  of  thc'se  items  was  madi'  on  this 
d.al«‘,  (llelerence:  Autonelics  letter  7<iAN()Hr)57,  dated  11  February  197()) 


Figure  99.  Phase  2R  MICRON  Data  Schedule 


SECTION  VIII 


CHANGES  IN  KEY  PERSONNEL 


riu'  follow  inn  chiinui's  in  key  pcrsoniuT  were  mndo  during  I’hiisc  L'H: 

In  No\ cnilio  !•  liiT.'i,  Mr.  .1.  K.  (IMI)  Mcn/(d  w ;i  s nddcd  I o t ho  MI('K()N  l’i’oj;r;ini 
M;in;i>;omont  ( )flico  :is  Assistnnl  I’ro^r.im  M.-inaKt'i'.  M'’.  M<'n/ol  had  hold  key  pi’ojoct 
oir^inoorinu  and  program  inanancinont  positions  on  Minulomati  i nipro\ cmont  programs. 

Ho  hail  l)oi‘n  rosixinsihlo  for  now  ha  rdw  a lo  and  softw  are  diw  olopmont  programs  in  those 
pnwioiis  |)ositions  and  this  oxporionoo  is  directly  a|)plieal)lo  to  ,MI('H()N  Phase  IfH 
de\  tdopment . 

In  No\-enil)er  ItlTa,  Mr.  -laak  lui'ison  replaced  Mr.  Walt  Thoennes  as  Sttpeiwisor 
of  the  MK'KON  DIM' (dfoHs.  Mr.  I'hoenneswas  reassigned  to  supervise  a new  radiation 
hardened  eoin|)Ute r diwelopment  idfoil.  Mr.  -lurison  h;id  lont;  lioen  associated  with 
.Autoneties  M()S  eompiiter  devi'lopmont  s and  i^  vc-ry  familiar  with  the  M1('R()N  DPI'. 

In  view  of  Mr.  lurison's  familiarity  with  the  MI('H().\’  DPP,  this  ehanne  in  the  DPP 
supeiwisorv  responsibility  did  not  camse  any  transient  in  the  DPP  efforts. 

In  lamtarv  1II77,  Mr.  lohn  I).  Poiirtier  replaec-d  Mr.  ('.  P.  Whanji,  Ir.  as 
supv'iw  isor  of  t he  MIPKt  ).N  System  Desi^m  and  I'l'st  K(|Ltipment  Group.  Mr.  Whantt,' 
aeei'pti'd  a position  with  the  Space  Division  of  Koekwadl  International.  Mr.  (’outlier 
had  lonn  been  assoeiatt'd  with  the  MlCli<>S  prof^'ratti  as  the  responsible  engineer  for 
all  MK’KON  contract  and  eapit;il  system  bwel  test  e(|Uiimient.  Durin<;  this  period  he 
worked  under  the  direction  of  Mr.  WhaiiK  " horn  he  repl.aeed.  As  a result  of  this  close 
association  with  .Mr.  Whann,  he  is  I'ami  liii  r w ilh  the  MI(’K().N  |)roft;ram  history  and 
decision  making  with  respect  to  the  MI(’K()N  system  mc'chani /at ion  and  ptiekati'int;  as 
w(dl  as  the  system  testinj;  ;ieti\ities  and  re(|Uired  t('st  i'(|uipment. 


SECTION  IX 


TRIPS,  MEETINGS,  AND  CONFERENCES 


( )n  7 Aiifiusi  IDT."),  Ml'.  l!;i\  Cl.iii-L,  I Arni\  lA'OM,  v isited  Aiiloneties  lor  ;i 
pro^nim  ujxlale.  'I'he  :ij;end:i  for  this  visit  \v;is  ;is  follows: 
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Phase  215  ( )v  I'i’v  iew 

;i:  1.7 

( letter  ( Iv  ro 

10:  17 

NN77  Status  I ab  Tour 

1 1:  1 7 

High  ..Aeeuraey  MICRON 

HiiO 

I ;>.A/KC(  )M  Participation 
in  High  .Accuracy  MICRON 

2::{{) 

Ring  Laser 

• I.  ,\.  Sehwar/ 
A.  (iross 

A.  I’,  rriihan 

• I,  A.  Sehwar/. 
Cl.  i:.  Uiinyoi) 

P.  Anthony 


On  Is  throH);h  20  Aiifiiist  l!)7.j,  Cai)t.  Walter  Peterson  ;ind  Mr.  David  Plevti  of 
Al  Al,  W'PAl'R  visited  ,\iitoneties  for  the  first  Phase  2I5  informid  design  review.  I'his 
meeting  is  tiiscaissed  further  in  Para  (>.  1 . 1 .3.  1 of  this  repojd. 


On  2.7  August  1077,  Mr.  Uussell  Shorev,  Direetor,  Aeqiiisition  and  Support 
Planninf^,  offiee  of  Seeretarv'  of  Defense,  visited  .Aiiloneties  for  a general  overview  of 
the  MICRON  program.  I'he  agendti  for  this  visit  was  as  follows: 


2:00  Arrival 

2:17  MICRON  Review 

2:17  KSC  I'aetoiT  Tour 

.'Rl.O  .MICRON  l.ahoratory  Tour 

ITilO  Cost  of  ownership  Tetun 

7:00  .Adjourn 


1).  .A.  Saekett 

I.  .A.  Sehvv-ar/ 

II.  I..  Hump 

•1.  A.  Sehwarz 

K.  1.  Cihson 
P.  R.  Hall 


Doe  to  numerous  ri'iiuests  by  the  H- 1 Division  of  Roekwell,  S.AC  Headquarters, 
and  .ASD/RW',  briefings  were  given  on  teehniques  to  eonstruet  a high  aeeuraey  navigation 
.system  utili/ing  l.'.sc.  MICRON  st.atus  briefings  were  given  as  background  information 
to  show  growth  to  precision  navigtition  .systems.  Although  not  MICRON  funded,  the 
following  visits  are  related  here  due  to  their  relationship  to  MICRON. 

1.  .Mr.  R.  M.  Schubert,  Mr.  C.  W'.  Sargent,  and  Dr.  W'.  West  visited 
till'  H- 1 Div  ision  of  Rockwell  and  briefed  the  following  personnel: 


27.3 


lUi/  Hello  - President 
U.  Uaikhiiul  - \ P 1 nj;. 

1 ..  Hose  - I n;;. 

1.  Pierro  - Idi;;. 
i.  Pnecassi  - Idi;;. 

P.  A.  ( >tle  - I n;;. 

A.  W elimever  - IdiK- 

H.  1 rolinian  - Idi;;. 

i:.  Center  - Procurement 

2.  Mr.  C.  \V.  Sargent  and  M r.  I).  H.  I'reelaiifl  visited  Wasliinglon,  I).  C. 
and  hrieted  the  lollowin;;  personnel: 


Al  SC 


l./Col  H.  l ewis  - XICIX) 
I, /Col  Warner 
Col.  i:ddin;;ton 
Ma|.  H.  Hasso 


Pen  ta;;()n 

Co.  P.  1 redriek,  AI  HIX^SA 
1,/Col  M.  Hatch,  AI'HIK^sa 
Mr.  H.  {)' Donohue, 

I./Col  H.  /iemieki  - Ai r Stall' 

I./Col  C.  liwald  - Air  Staff 
I,  Col  H.  ka\oi  - Air  Staff 
Col.  i:.  DeAvies,  CSAl  l)l)H^  F 
I,  Col  r.  Woods,  !■  - Dl/AI- HI) 

Mr.  I).  MeKanna,  IK^.  1 SAP 

Mr.  .1.  A.  Sehwar/  attendi'd  AC.AHD's  :i(ith  A\ ionics  Panel  I'eehnical  .Mi'ctinp,' 
on  ’■Medium  Aeeurae\  Low  Cost  Navigation"  September  ' lhrou;;h  II  I!)?.")  in  .Sandefjord, 
Norvvav.  A pajier  on  MICIpiN  was  presented  to  this  meetin;;  on  Sejitemher  s.  Con- 
siderable interest  was  shown  b\  the  auilieiiee  in  the  iH'rformanee  data  on  the  NaTA  ;md 
in  th  ■ low  cost  piotiTitial  o|  the  svstem.  .\  contact  was  established  with  an  electrostatic 
teehnolo;;ist  (Mr.  .loseph  lailleti  from  France  which  mav  lead  to  I'urther  information 
insight  into  the  bn  akdown  \olta;;e  ;;radient  of  the  viieuum  in  the  rotor/jilate  ;;ap.  The 
implication  Irom  Mr.  lailli’t  was  that  we  should  be  able  to  siKudicantlv  ineretise  the 
volta;;e  ;;radient  above  the  1 volt  per  micro-inch  value  without  experiencin;;  breakdown. 
If  .his  is  so.  we  mav  be  able  to  increase  the  eapabilitv  of  the  .MIvSC  lor  higher 
applications.  Further  discussion  of  this  I'ha raete risi  ic  with  Mr.  raillel  is  bein;; 
pursued. 

September  2!!  .'XSD  hosted  a ;;overnment  industrv  meetin;;  on  the  Standard 
Nav  i;;alion  Speeifiealion.  .A.  P.  I riiban.  D.  f, . Shortridm',  and.!.  .A.  Sehwar/.  (alon;; 
vviih  Pete  P:ippas  Irom  our  Davton  office)  attended  this  meetin;;.  The  |nirpose  of  the 
meetin;;  w;is  lor  ASDto  famili:iri/e  industrv  with  how  thev  expect  to  evolve  the  Sid 
Nav  S|K’e  in  an  "open  forum"  method  similar  to  the  method  emplovod  on  the  AHiNC 
Spec  for  commercial  aiiline  navi;;ators.  Cur  comments  on  llw'  current  version  of  thv' 
,Std  .Nav  Spec  were  preptired  for  submittal  to  ASI)  bv  (lelober  21. 
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Mr.  Klein,  ol  NA\AII{,  \isite(ltlie  |)l;inl  on  iiO  Se|)l  eiiihe  r I!)?."),  pri  in:i  ri  Iv 

lor  the  purpose  ol  reviewin';  our  riii”  Inser  nyro  elToils.  While  here,  he  re(|iiesle<l 
anil  I'ecei  \ ('ll  a I on  r ol  I he  MK'K()N  lahoi-atorv.  I'oinls  ol  disenssion  on  MI('K(tNwere 
1 he  (ietler  t;\  ro  slatns  anil  the  llollonian  riif;ht  lest  results. 

( »n  1 (>etolier  IMTa,  Mr.  I'.  K.  .Sehtiler  and  Mr.  (I.  W.  Sarucnl  \isiled  Hrinadier 
(ii'iieral  I’altei'son  at  .ASI)  in  l)a\ton,  ()hio.  The  purpose  ol  this  \ isil  was  to  discuss 
the  applii'alii  lit  ol  MlfK()N  to  the  l'-l(i  Program  and  the  Standard  .Naviualor  l’ro(>rani 
and  assoidated  schedules.  .X  I’A  I . pei’sonnel  partieipalid  in  this  discussion. 

I.t.  t'ol.  Ro\'  White  and  .Mr.  Hoh  liaker,  liolh  ol  the  I'.S.  .Annv  at  I't.  Monniouth, 
■New  •Ierse\-,  \isited  .Autonelies  on  L’  (>elolier  IhT.'i.  I'he  discussion  ec'iitered  on  the  hif;h- 
aeeuratw  MI(’H().\  s\-sleni  .and  |)oienlial  .Aiany  pa  i1  iei  pat  ion.  It  was  uc'in-rtilly  agreed  at 
this  meeliiyj,  that  the  rotated  .NTT  systi'in  was  the  l>ett(>r  alternate  tn'latixc  to  a rotated 
.N.TT  svsiem)  lor  a hi;;!)  aecatraev  lli^hl  test  detnatisi  rat  ion.  This  alternate  offers  fast 
reaction  and  lon^-lerm  stability  eapabilit\'  as  well  as  more  eompaet  systi'm  pac'kaKinn. 
The  rotated  N.TT  alternate  oflei's  ai)|)roNimatel\'  a .T-month  ea  rlier  demonsi  rat  ion,  how - 
e\  er,  the  .Army,  has  no  r('(|Ui  remeni  foi’ an  earlier  demonsi  I'ation. 

file  final  fee  fvalualion  Hoard  .Meeting  and  l)e.si^;n  l{e\i(  w of  the  Phase  li.A 
contract  was  held  at  .Aulonelies  on  d lhrout;h  (tetober  fiT.T.  This  meetini;  was  pi'e- 
pared  and  eondueled  on  Phase  L'.A  funding.  The  agenda  for  this  meetint;  and  tlu'  ii.st 
of  attendees  is  presented  in  Para  d.  I . I . I of  this  repoil. 

.A  monihU'  informal  re\iew  of  I lie  Phase  IIH  status  was  held  oii  10  (tetolK'r  lOT.a. 
rh('  .\f.AI.  and  .Af  PH()  attendees  at  this  review  wcri'  .Mr.  Cli’ori^e  Himes,  .Maj.  Honc'f 
Hrandt,  ('a|)l.  Wall  Peterson,  ('apt.  Ron -laiiosko,  Mr.  -lin  Chin,  .Mi’,  Phil  Kit;nor, 
and  Mr.  .M\  ron  Pidhayny.  The  aKcnda  for  this  re\iew  is  (iresi'iiled  in  Para  d,  1.1.:{.2. 

.Mr.  Ray  Clark,  from  the  f.S.  .Army  fCOM,  \isiled  .Aulonelies  on  Novemlu'r  Pi, 
lOT.T  to  discuss  the  hi;;h  aeeuraev  .MICR().\  and  possible  .Ai’mv  pai’tieipation  in  that 
de\ clojimenl  program.  Subsi'ijuen.  Iv  a t rip  w as  made  to  ft.  Monmouth,  .New  lersey,  by 
•I.  A.  .‘'chwar/.  I).  H.  freeland,  and  .1.  C.  Harron  tall  of  Rockwell)  alonn  with 
( apt.  Peterson  and  Major  Hr.andt  (of  .Af.AL)  to  brief  the  N.W'CON  and  i'COM  piTson- 
iiid  on  MICR()N  and  lurther  discuss  .Arnyv  |>artiei|)alion  in  the  hi^h  aeeuraev  prop,ram. 

The  Arm\  personnel  ha\e  indicated  a dcsiri'  to  partiei])ate  in  the  NTTR  svstem  devel- 
opment this  liseal  \car  and  in  the  testing  of  that  system  next  \ear.  final  ik'termina- 
tion  ol  their  participation  will  depend  on  tiu’  outcome  of  their  curreir  si'areh  for 
(ifX'Td  funding  that  they  could  apph’  to  hinh  aceurae\  MICR()N. 

On  .November  IT,  P.lT.a  Mr.  Ci.  W,  Sargent  presented  the  KC'i'nral  MICRON 
familiari/ation  status  briefinn  to  a uroup  of  Hritish  Roval  .Air  forei’  v isitors  who 
were  touring  the  eountrv  and  reviewing  current  aerospace  new  leehnologv 
dev  idopmeilts. 

( »n  s Di'cember  PIT."),  Dr.  David  Charvonia  of  DDRM.' f!  visited  the  plant  for  an 
U|Klate  on  several  technology  areas,  including  .MICRON.  Me  was  given  a general 
orientation  firiid'ing  on  the  .MICRON  Program  and  the  .MffC  technology.  He  was 
espi'eially  interested  in  the  .Mi:.‘’((:  information  since  he  worked  here  with  .foe 
Hollinghouse  Id  to  lli  yeai’s  ago  on  the  early  l-.'SC  effoi’is. 


A iiironnal  I'Iiiim'  status  i-rvicw  was  licld  at  Autoncl ics  on 

!t-ll  I ti'ccnilu'i'  r.iTa.  The  a^i'iKla  lortliis  ?-c\i('\\  is  included  in  I’aca.  <i.  1 . I . H.  n of  f his 
rc|iorl.  rile  agenda  iiudndcd  sonic  non-conI  I’acI u:t I efforts  (Ul.tl.  \’77.  etc)  at  Af  Al.'s 
reiinest.  file  A f'A  I , a I teiiiiees  at  the  re\  leu  were  Major  Itrandt.  Major  l{ar<)ha, 

( a|it.  I’eterson.  i apt.  -lanosko.  and  Mr.  I’hil  l.innor. 

A uronp  of  Aerospace  ( Orporalion  personnel  v isited  the  Anaheirii  facilitv  on 
1 lieceiiilier  In7.i.  1 lie  purpose  of  tile  visit  was  lo  net  an  u|Klate  of  the  M1CK()\ 
pronnini  and  other  piainraiiis  tecdmolonies  as  tliev  niinht  relate  to  the  Interim  Cpper 
St.ine  1 1 ! St  I’ronrani.  1 Itev  were  ni^*'''  overview  hritdinn.  shown  throiinh  the 
lahoraiorv,  toure(|  throunh  the  Ml  Sti  factorv.  and  nAmi  ;i  delaileil  hriefinn  on  the 
Ml  S(  1 suspension  electronics.  ( onsidt'ralile  interest  seems  to  have  been  n‘'ncr;itcd 
at  \erospace  ( orporalion  in  Ml('li(t\  lor  II  S. 

(Ill  ' laituarv  lli7ti  Mr.  .1.  \.  Svdivvaiv  visiletl  Washinnton.  DC  to  update  :ind  or 
aiapi.iint  several  1 )o| ) ol  t ices  vv  il  h cur  rent  MICHOX  I’ronrtim  status.  I.t.  Col.  Uoskinn 
:ind  I t.  ( o|.  .lohnson  in  the  Department  of  the  Armv  were  ac(|ua inted  with  the  MICION' 
I’fonram.  Disi  ussion  cenieivil  mosllv  around  the  hinh  accuraev  system  for  Army 
appliea'ioiis.  1.1.  Col.  I’oskiiins’  attitude  was  that  if  an  order  of  mannitude  accurticv 
improvement  can  In  aci)uired  lor  milv  a In  percent  incretise  in  cost,  the  Armv  would 
buv  the  hinh  accuraev  vei^ion.  However,  on  the  opposite  side  of  the  coin,  he  indictiteil 
thev  would  have  sinmlican'  headwinds  in  eonv  incdii);  their  sujieriors  to  buy  anv  jiiece 
ol  avionics  that  costs  -S.'.ii.oim  lor  an  ,\rmv  :iircr;ift. 

Iwo  I .S.  Navv  olliees  were  visited.  C:ipt.  Seibert  KH’N'.W)  was  acqiKiinted 
with  Ml(  H(i\  ami  indicated  an  interest  in  bidnn  kept  updtited  on  the  sttUiis.  lie  was 
candiil  in  stating  that  he  didn't  foresee  \;ivv  monev  Koinn  into  MICHOX  devidojiment 
(in  view  of  the  Xavv  pursuit  ol  HI.C  svsleiiis).  but  he  seemed  objective  toward  the 
Hl.C  Ml(  H(>X  programs  and  mdicalml  that  the  Xavv  would  buy  jirodiict ion  MlCHOX's 
for  Xavv  programs  if  the  Ml(  H()X  devi  lopiiieiit  projiram  i.s  suecias.slul  ;ind  if  the  .sy.s- 
tem  satisfies  Xavv  re(|uirements.  Mr.  Me  Hale  and  Mr.  Hums  (both  of  X'.-W.MH)  wi're 
updated  on  MICHOX.  Mr.  Mvdiale  appeared  interested  in  MICRON  for  the  F-ls 
ai)|)lic:ition.  It  turns  out  that  the  X77  IMI  is  almost  exactiv  the  same  form  factor  as 
the  Litton  IMI  il  XPi)  whitdi  Mr.  Midlale  had  a mocktip  of  in  his  office  and  which 
a|i|)ea’'i  (l  to  be  the  planned  IXS  for  the  L-ls.  Mr.  .Midlale  iiidicateil  tluit  .Mci)oniKdl 
Douglas  is  comini;  out  with  thedr  L-ls  [NS  spec  in  March  ;tnd  that  we  could  obttiin  a 
co|)v  from  Mcdlonm  11  iKmulas  then. 

Col.  /iernieki  and  i.t.  Col.  I wald  illdqtrs  I .sAF)  were  visited  to  let  them  know 
we  had  acted  on  their  sunnest ion  lo  acijuaint  l.l.  Col.  Hoskinn  ;ind  ( ujit.  Siebert 
(Col.  '/ ie rn ick i 's  counterparts  in  the  I .S.  .Armv  and  t . S.  Navy  res|)<.‘cti\(dv)  with  tlu' 
MICRON  I’ronram.  While  there,  ;i  brief  uiidate  on  program  status  was  niven  to 
Col.  '/iernieki  and  I.t.  Col.  l-.wald. 

On  li  .Irinuarv  l!)7(;,  Mr.  1'.  K.  Shuler,  .Mr.  I.  N.  Schmidt,  Mr.  O.  W.  Sarpicnt, 
and  .Mr.  -1.  /v.  Schwarz  attended  a meetinn  with  ASD  R\V,  .AFAL,  A.SD  l•..N.A,  :ind 
ASD  XR  to  jiresent  our  plans  for  .MICRON  devidoimient  up  to  produetion  and  to  discuss 
how  this  fits  with  I SAF  plannini;.  I'he  outcome  of  the  meetini;  was  that  ASD  RW 
indictiteil  they  were  not  recimimendinn  a (i.  1 funded  MICRON  I’roi;ram,  but  that  they 
h:id  to  net  that  recfimmendation  approved  by  Hdiitrs  AFSC  and  Ibkitrs  CS.Al'  bidorc  it 
bectime  an  A I ' iiosition.  In  subsequent  CSAI'’  only  meetinns  on  this  suli  ject  on  2',)  .lamuiry 
I!t7(i  ASD  RW  was  tippareiitly  unable  to  .sell  their  recommendtition.  The  outcome  of 
the  2!)  -January  1!»7(;  meetinns  was  to  postpone  :i  decision  on  this  matter  for  a few  months. 
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Mf.  l ew  h;is  1\  bi'cn  assiuncd  as  a Icclmic-al  |•(■|)|•(•sl■lllal  ivc  of 

\iiIoMflics  ill  111!'  I lalla-;- ft  Woi-th  area,  lie  visilccl  the  plaiil  11-1'.)  .lanuarv  IbTC,  for 
a tichiiical  aiaiua  iiilaiuc  with  Iho  MU  |’|•oJ;|•a  m.  Mi-.  .lobe  v\ill  represent 

Ml(  H(>\  to  Oi  iieral  DMiainies.  I lA  . aral  others  in  tliat  are;i.  lie  will  also  help  inter- 
laeeuith  Itoein^.  W ii'hita,  and  Mi' I toniiel  1- 1 tounlas,  St  l.oiiis  as  retpiired. 

nn  h febiaiarv,  Mr.  K.  -I.  (lib^onand  Mr.  -1.  A.  Selnvar/  |i.'i  rt  i(  ipated  in  a 
meeting  at  (iklahonia  Citi  Air  | oj;isties  Center,  ( apt.  I’etio-son.  AI-'.-XI,,  alsopartiei- 
p.'iteil  as  did  represent.it  i\ es  ol  AC.MC.  hd(|t  rs  A f I .C,  and(i('  AI.C.  The  purpose  of 
the  meeting  was  to  provide  eoorditi.d  ion  t ow  ,i  rd  .A  I-’ I .( ' p;irt  leipat  ion  in  the  Ml(  |{(tN' 
iie\ elopnieiit  proj^ratiis.  MU  H()\'  overview  presentations  were  made  as  well  as  a 
MU  1U)\  Cost  of  (iwnership  tiia  inta  inabil  ity  presentation.  < '('  .AI.C  made  (iresentat  ions 
re^^ardinn  some  of  their  eurrent  jirof^ra ms /eoneeiais . The  result  of  the  meetinu  was 
anreetiieiit  that  ( iC  .\1.C  would  support  MICUOX.  Mr.  Uobert  C.illa^h.'in  will  be  our 
jioint  of  eontaet  at  < iC  .\1.C.  This  will  provide  MlCIUtX  w ith: 

1.  .\n  .AFl.C  sounding;  board  for  our  lo^isties  maintenanee 

philosophv  ;ind  eons iderat ions 

1.  A tiieans  to  f;et  .AFl.C  comments  on  lof>isties  related  docutnentat  ion 

I!.  .AFl.C  inputs  to  our  life  cvcle  cost  ptirameters  iti  our  model 

1.  .A  means  to  kei'p  abreast  of  ma ititenatice  support  problems  on  other 
fielded  INS's  so  we  c;in  avoid  the  stime  mistakes  on  MICUOX  that  the 
.A  F is  eNjierienein^'  on  eurrent  svstems 

.\  motithlv  status  tneetinn  was  held  on  Kt.  11.  and  I'J  Februarv  IDTC.  The  list  of 
attendees  and  agenda  for  this  meeting  is  covered  in  P:ir;i.  <1.  1.  l..‘i.  1 of  thi.s  report. 

Dr.  I'.ppers,  Director  of  .A F.A  1,.  visited  .Autotieties  on  17  Februarv  IttVti.  .A  brief 
overview  of  Phase  2U  status  as  well  as  IH^i.  !)  program  status  was  presented.  Included 
in  his  .'igetid.'i  w.as  a .MICUOX  .Svstem  l.ab  tour  and  an  .MI-.SC  fabrication  .'irc.'i  tour. 

tin  1~  Februarv.  Mr.  Fid  Wright  of  Martin  Marietta  Corp  (Denver)  visited 
.\utoneties  to  discuss  tin-  II'.''  [irogr.-im.  .MICUOX  overview  and  b.'iekgroiind  infortnat ion 
was  presented  as  well  as  dcttiiled  discussions  ol  the  .Mf!S(i.  The'  s;imc  lab  tours  as 
Dr.  fipper's  (above)  were  iticluded. 

.Svstron  Donner  iiersontiel  visited  .Autonetics  oti  17  Februarv  to  discuss  potcnti;il 
:i|ipl icat ion  ol  their  accelerometer  to  MICUOX  atid  to  discuss  a sensor  ixicktigi'  for  use 
with  .Ml(  UOX  to  satisly  the  I'dcctronically  .Agile  Utidtir  roijuirements.  Further  dis- 
cussion in  both  areas  is  i'X|H-cted. 

Colonel  Hush.  Commander  of  .AC.MC,  visited  .Autonetics  on  :!  .March  DtTti. 

Whil(;  here,  he  was  briefed  on  many  of  our  programs,  ineluding  .MICUOX.  .A  getu'r;il 
overvii'W  of  .MICUOX  w;is  [iresented  and  .a  system  lab  lour  w;is  conducted. 
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Mil  II  Miiri'lt  Mr.  I):i\i(l  K.ihii  ol  thc  lii.siiliilc  lor  DcIciim'  .\ii;iI\ .si.s, 

\ i.‘.;iltMl  Auloiu't  ics.  Hr  is  coniliict  iiifi  ;i  stuilv  lor  DoDon  the  cxport.’iiiil  it\  of  \;iri<His 
trcliiiologirs  svstriiis.  MK'HMN'  is  one  of  the  svsiciiis  Ifchiiolonii's  he  is  cfirisiflcritij; 
ill  his  siinh  . Ilf  had  prc \ lotish'  priiv  idcd  ns  with  a fop\  o|  his  prclimiiiari  roport. 

Ill  this  prrlimiaaiw  roport.  hr  iiii|)lif(l  that  the  onl\  export  allowahle  uonld  he  leohnical 
papi’fs  on  Ml(  1I()N  and  that  no  export  of  hardware  leithei-  separateU  or  in  a weapon 
sistemt  would  ln'  allowed.  Mr.  Kahn  was  here  to  solicit  our  ideas  and  opinions  on  the 
exportahil it\  of  MI('H<)N'  and  iiKliinited  that  the  pndiniinari  report  contained  oiilv 
"sample"  information  rather  than  his  recommendations.  We  recommended  that 
Ml(  H()\'  export  he  allowed  both  si-paratcdv  and  in  weapon  svstinns.  further  we 
recommended  that  MI('H(»\'  I'epair  hi-  allowed  in  frieiidh'  foreinti  countries  under  the 
i-onstraint  that  the  i-ritical  ro  parts  (rotors  and  cavities)  not  he  released  tor  lahrica- 
tion  in  foreij;n  countries.  It  is  felt  that  this  approach  would  maintain  adefjuatc  control 
of  the  MI(  HmX  hardware  since  the  i-oior  and  cavities  arc  sinnificantl v ad\anci‘d  in 
dcsitiii.  fabrication,  anri  processing  technology  such  that  it  would  he  many  \ears,  if 
ever,  before  anv  foreign  country  could  produce  adequate  replacement  parts.  This 
approach  should  he  ai-cciitahlc  to  both  the-  f.S.  and  the  forei^jn  i-ountrics  since  a dual 
source  capahiliti  already  exists  (Northrop  and  HocUwell).  It  is  not  known  how  many 
of  our  recommendations  will  he  aci-cpted  hv  Mr.  Kahn,  hut  lu-  seemed  receptive  to 
our  thoughts  and  i-atioiiale. 

tin  Hi  Mai'ch  ( ajit.  Sandlin  and  (’apt.  Krumm.  ofCKil  f,  were  here  for  an 
orientation  to  the  NTT.  NTTH.  and  IM’M  harilware  and  planned  flight  test  schedules. 
rhe\  were  familiari/ed  with  the  \arious  hardware  confitturations  by  briefings, 
drawing  rexiew.  and  hardware  lab  tours.  ClCirf  has  contacted  Air  Training 
{'ommand  (.A  TC)  rega riling  the  training  class  wi-  will  conduct  (or  the  ('ftfCT  test 
personni  1 jirior  to  them  llxing  our  hardware.  Since  this  visit,  .A  I ('  has  cont.-icU-'l 
us  lor  coordination  of  the  contract  to  cover  the  training  class.  C'apts  Sandlin  and 
Krumm  arc  to  identifv  the  CKi  I F test  (-ngincer  for  us  to  coordinate  with  regarding 
what  interlace  drawings,  etc,  C'IC  TFwill  need  prior  to  system  delivery, 

Mr.  David  Kavc,  from  K lect ronics  Design  maga/inc,  visited  .Autonetics  on 
1!)  March  to  review  the  status  of  several  of  our  |)rograms,  including  MK'KON. 

On  1 April  IbTi;  scxi-rtil  Cubic  Corporation  personnel  were  at  .Autonetics  to 
explore  the  possibilitv  of  Cubic  providing  the  warrantv  repair  maintenance  of  future 
MK’HM.N  KfU’  contnicts.  This  possibilitv  is  bi-ing  ('X|)lored  since  Cubic  has  provided 
this  type  ol  efioil  on  other  programs. 

Mn  a April,  Mr.  Hill  Stoney.  Direetor  of  T:ii'tic:il  Systems  in  DDH^L- F.  w;is 
briefed  on  the  MICUMN  program,  its  status,  and  its  potential  applications.  This 
briefing  wa.s  at  .Mr.  .'■'tori-v'.s  reipiest  lor  ;in  ululate  since  hi-  reci-ntly  moxed  into  his 
current  job  and  since  the  MICHMN  pi-ogram  was  in  a division  of  Autonetics  which 
Mr.  I'torev  was  \ icc-prcsidcnt  ;ind  general  manager  ol  a lew  vears  ago. 

F-1  INS  replacement  discus.sions  wi-re  held  on  a and  (I  April  at  .Autonetii-s  with 
( apt.  Hon  .lanoskoand  Mr.  Dave  I’li-va  (Irom  .AFAI.),  (apt.  Neil  Ihomas  (FHA.M 
office),  Mi-.  Tom  Summers  ((tgilcn  .Al.C),  and  ( ;ipt.  ( :trl  .Moore  (Al-l’H(h  in  atten- 
dance. The  discussion  topics  included  (a)  F-4  requirements  :ind  interfiice  information, 
(b)  potential  schedules  foi-  high  aceurticy  MICHON.  and  (c)  the  content  ol  ;i  poti-ntial 
study  of  incorporation  of  .MK'HON  into  the  F-1.  MIC1{()N  .system  laboratoi'v  and 
MTi.'sC  lactory  tours  wei-i-  also  included. 
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(Ml  7 aiiil  ' April  a I’hasi-  1^1’)  iiilornial  numthh'  status  rc\ic\\  was  ciiiiductfd. 

( apt.  lion  .laiidskd,  Mr.  I’hil  l■,inMl)r  and  Mr.  Dave  I’lcva  at'caidi^d  Ironi  AKA  I,.  I.t.  Col. 
.lolin  1 'asa lc\  ii  h.  ( apt.  Carl  Moore,  and  Mr.  doc  Caldwell  attendefi  from  AFi’K(). 
rill'  a^;<■nda  for  this  desina  review  is  f^iiiai  in  I'ara.  (■).l.l..T.a  of  this  repoil . It  was 
during  this  meelinp;  that  the  din  ision  to  rot.ate  the  lA  I ’ was  made  in  order  to  meet  the 
ac'euraev  ri  i|uirements  of  the  contract  and  to  better  match  the  Standard  \a\  inator 
Specif  ii  a I ion  rcipii  remcnts. 

< Ml  7 April.  Ca|)t.  War/vnski.  ofSAMSt),  visited  the  A uloiu'l  ics  facil  it  v to  dis- 
cuss the  MICH(>N  appr<)ach  toidectronic  parts  and  the  MICII()\  DIM'.  He  uas 
interi’Sted  in  u|Hlatinj;'  himself  on  the  MICHOX  approach  in  these  ureas  for  his  consirler- 
ation  in  la\  in^  out  plans  for  the  S.\MS()  .ACT  1 coniputi'r  pri)^i'am. 

Mr.  Cliff  l.oomis  and  .Mr.  Ste\  i' .Jac-kson.  of  the  t S.A  K Standtt  ivl  i\S  I’rix  ure- 
nuMit  .Afjencx . l isitt'd  .Vutonetics  on  Id  and  14  April.  Sinci'  tliidr  primar\  interest  was 
toward  production  platis  and  capabilities  for  MICH()\.  almost  the  eiitii'e  \ isit  was 
spiMit  on  lal)  and  production  facilit\-  tours.  The  toiii's  iiududcil  were:  MICIHiN  S\stem 
l.atioratori , MiiSC  fabrication  area.  Production  Inertial  InstrunuMit  Factorv  . Pro- 
duction IN’S  Factory,  Irvine  K Icct ronics  Production  Facilitv,  and  the  Militarv 
MOS  LSI  Facilitv.  Presentations  were  made  on  the  ’'daine  Facilitv  and  U CsM  \'irninia 
Facilit\  since  the\-  are  not  conicMiiently  available  for  a tour. 

Mr.  lly  Shulman.  Mr.  .Anthony  Hobinson.  and  Mr.  Toil  ( ia  rlier.  ol  Hand 
Corporation,  \'isite(l  .AutoiuMics  on  14  .April,  \\hile  here*  lh(‘\  weri’  liritded  on  both 
.MICHON  and  Minuteman  pronrams.  The  MICHON  iiriefin^ was  an  ocemiew  (vp<’ 
briefiiifi  ineludinu  lii^h  accuiaicv. 

On  22  .April  Dr.  Parker,  Deputv  Diri'Ctor  of  DDHf^  l,,  visitiul  .Autonetics  for 
update/discussion  on  many  of  our  pro^i-ams.  The  onlv  Ml(  H(iN  related  portion  of 
his  visit  was  appro.ximatidv  minutes  spiMit  uoinn  (piicklv  through  the  Ml(  IPiN  Svstem 
l.aboratoiw. 

( >11  2s  .April  Mr.  .lerry  Schwar/.,  Mr.  l-.d  Miui/el.  Mr.  l.owell  Hetiold.  and 
Mr.  Freil  Lankan  visiteil  \\  1>.\FH  to  discuss  our  response  to  the  22  .April  PC( ) letter. 

Mr.  (leor^e  Himes,  Mr.  Hon  Hinno,  Major  Honor  Hrandt,  ( apt.  Hon  .lanosko. 

Mr.  Phil  I i)^nor.  and  Mr.  Dave  Pleva  attmidcsl  the  meetinn  (or  the  .\ir  Force.  .Most 
of  the  .AF.Al.  c’oneerns  ha\'e  becMi  answcretl  as  a result  ol  our  27  .Apidl  response  letter 
and  this  visit  to  W I’.AFH.  lAvo  action  items  resulteil  li'om  this  meetinn.  Idle  lirst 
action  item  was  to  ideiitifi  the  <|uantities  of  eacdi  ty|H'  ol  nov (‘rnnuMit  haialware  listi'il 
in  our  27  .April  res|)onse  hdter.  I his  action  item  was  completial  on  4 May.  I he  other 
action  item  was  to  pro\  iile  written  information  eNplainiiin  why  a straiHiowii  iiu'rtial 
svstem  has  worse  aceuraev  iieid'or mance  than  a n'Miballed  inertial  system  during  tlu‘ 
first  hour  ol  free  inertial  navigation  niode.  Dr.  -lolin  Pinson,  Child' Scieiit ist, 
gener.aled  the  answer  to  this  action  item  ui  May. 

Mr.  Fred  Corey,  Mr.  Hob  Baker,  and  .Mr.  Merrill  .Stone  of  the  Northrop 
(Hawthorne)  I -lHl.,ind  F-.a  programs  visited  .Autonetics  on  Hi  .May  I!»7ii  for  an  update 
on  .MICHO.N,  A general  st.atus  briiding  wrts  giviui  along  with  tours  of  the  MICHON 
system  lal)  and  the  .AIK.Stl  rotor/cavity  fabrii-ation  area. 


• Ill  IT  M.iy,  Ml'-  I.  A.  Siliu.ir.'  \i  il«>l  Air  M. ill  in  U .i.sliiiinlon  I).  i<>  mrcl 

M.ij  loin  Suart/  ulio  is  itiiluiuK  I 1 • ol  CIukK  I waM  ulio  is  Icaviiin  lor  U a r ( olhuc. 

A ^;<  in  ral  Mil  IH  'N  I U n-iilat loll  In  u lTii).;  l.ooklct  ami  llir  M 1 S<  1 pari  s in  I hr  display 
(asr  \s«  rr  rrMiAM'd  willi  M.ii  Suari.'. 

Mr.  Ncdiuaiv  \ isilrd  I’ \ I II  on  I-  M.i\  I!l7i;.  A iiiccl  in|i  u ns  hclduilli 
I ipl  Koil  l.nio.sKo  |A  1 \1.|,  Capl  Aril  I lioni.is  (I'HXM  oilier),  and  Mr.  l oin  Suinliu  rs 
((  >v;drn  Al.(’)  nti-irdiiiK  llir  possilnlilv  ol  rrl  rohll  ini;  MICIdi.A  inlo  Ihr  1-1  llrrl  ns  a 
lilr  ryrlr  rosi  saviii^.s  .ippro.iili.  Ihr  I’K.V.M  oilier  is  i-ondiul  inn  a study  lo  .issrss  ihi- 
Uasihility  of  s.ivinn  lilr  ryrh'  ro.-,|  dollars  l.v  rrpl.irinn  Ihr  rurrriil  I'-d  INS.  I liry 
iiidir.ilrd  Ihry  would  wrlronir  .i  Mil  Id 'N  ininil  on  Ihis  siihircl  and  thal  they  plan  lo 
ronsidrr  MK'KON  in  ihnr  sUidy.  inir  mpiil  lo  Ihr  I’ll.XM  offire  is  planned  for 
approximately  10  lunr  lOTii. 

.A  inrrtinn  was  also  held  on  |s  M.iy  wiih  .Mr.  Itoii  Itinno,  Maj  Itonrr  Hrandt,  and 
f.ipt  Hon  .lanosko  from  Al  .\1.  to  disi  iiss  lln-  I 1)1.  Al-  I l-Iil  Program  and  Ihr  possil.iliiy 
of  flinht  testinn  MICHON  .is  .i  p.irt  of  ihr  AT  1 I-IO  program.  Mr.  Ualfili  Shannon. 

Mr.  Lew  Johc,  and  .Mr.  Srhw.ir.  reviewed  a l.rirfinn  on  Ihr  .\l'  l'l-lil  pronram  and 
MK’HD.N's  |K)trntial  involvrmrni  Ihrrnn.  .\s  .i  rrsull  of  this  mrrllnn.  AKAI.  concluded 
they  woulii  talk  to  I'Dl.  to  .issrss  the  .idv.nitanrs  of  .MICRON  lirinn  flinht  tested  as  a 
jiart  of  the  .Ar’l'l-lli  fironr.im. 

On  115  .May,  l.t  (ieti  .Sl.iy  visited  .\ul oiu-l irs.  Diirinn  this  visit  he  w.is  niven  shoiA 
overviews  on  many  pronrams.  Mr.  li.  U'.  S.irnnit  nave  a 15  min  presentation  on 
MICRON  (iurinn  this  visit. 

■Also  on  U.AMay,  ( ol  Ch.irles  Hudson  (Al'.Al.)  visited  .\utonelics.  1 he  MltRtlN 
jMirtion  of  his  visit  ronsistrd  of  .ittrndiiin  thc'  same  hrirfiiin  prestnili’d  to  l.t  (len  Slay, 
visitiiin  the  M1CR<)N  system  l.ihor.itorv,  and  tourinn  the  MliSti  rotor  and  cavity 
fahrication  area. 


I he  MICRON  Phase  I’li  I e<‘  Kv  .i liinl  ion  IX-sinn  Rei  iew  .Meet  inn  u.i. s'  held  al 
.Autonrties  on  T throunh  1)  -lune  IDTii.  I he  nncnda  for  this  meetinn  and  the  list  of 
attendees  is  ni'<'n  in  Para  'i.  1.  I.ll  of  this  report. 

An  informal  monthly  di  siy.ii  irview  wa.-  hehl  on  In  lune  I'.iTti.  I hose  in  attend- 
anee  Irom  ornani/.atioiis  other  than  .\u|oin  lii  were;  M.ij.  Iliaiiilt,  Maj.  Culler, 

( a|it.  .lanosko,  ( apt.  I.enion,  (■.  Iliine;.  R.  Rinno,  .iiid  P.  I innor  ol  .APAl.; 

Capt.  Moon-  and  M.  Pidha>ny  ol  A 1 PRo;  and  ' I .i  i rell  and  I ).  I la  nly  of  .At  j MC. 

Mr.  Rlake  Reid  and  Mr.  I.  I me  t .siiiNth  ol  the  ( .ni.ida  Centre  for  Remote 
Sriisinn  visitril  Autonetirs  on  Hi  luin  P,r,ii.  I hey  wen-  nn  overview  of  the 

MICRON  status  and  eapahilitirs.  Ihr  .speeilie  applii  atioii  the  Canadian  Cio\ eminent  is 
iiiteresU-d  in  is  an  inertial  rrlerem  e loi  ( .in.idi.iii  coastal  surveyinn  hy  airplane 
lirtween  land  rherk  points. 

Mr.  Ron  Kaelir  and  Mr.  Uilry  Marsh  from  A 1 .A  I visited  Autonelics  on  Hi  ,lune 
lli7ii.  They  were  here  to  discuss  AS/M  M with  Ihr  .Missile  Systems  Division  of  Aulonetics. 
'rliey  had  lime  for  only  a veiy  fast  (iihoiil  ID  minutes)  ri'View'  of  .MICRON  slaliis. 


Mr.  Hon  l)iiiuaii  ol  Auloinl  us  xi.silcil  I otKIucd  Mi.smIc  iiiul  .spact'  ('oMipaiiN, 
Simnv^alr,  Calilornia  on  17  luiif  I oiKlu  «cl  is  onr  i>(  two  main  <dnt  ractors  on 

llu'  |'r♦‘(•i.sion  l iinllt  r I cation  Strike  S\  ^ tciii  i I’l  I SSl;  the  other  is  Hoeing.  Tlie  pro- 
Urum  is  in  the  sludx  phase  with  \aiioiis  siilieoiil  i ai  loi  s lookini;  at  details  ol  the  eom- 
iniiniealion  and  inuinaiion  re()iii  remenis  ol  ihe  inothei  locator  aiierafi,  tin  vectored 
strike  aircraft  and  tlieir  ^;iiided  weapons.  I oeklieed  liad  reipu  sled  that  wi  In  ief  Ihe 
I’ll  »‘sS  mini  iH’e  ri  n^;  stall  on  I lie  eapa  I n 1 1 1 1 es  ol  tin  h ic.li  aieii  raes  M 1 1 H<  < N.  I oek  he<'d 
allend<*es  were  ('.  Wilson,  I.  ladden,  l\.  \enkere,  I.  I’ope,  I),  Sinieox,  I,  Krak.ir, 

.1.  f iles,  und.l.  Neenan. 

Mr.  Hon  DniU'an  visited  Mi  Donnell  lioiij'las  in  I onn  Heaeh,  ( aliloinia  on 
21  tune  lU7ii.  An  updated  niediiiin  aeenraev,  hinh  tieenriiey  and  luieleai  li:i  rdeni  tin 
MK'Ht  )N  hriefiiin,  was  pi  esenled.  I he  andieiiee  was  I . W ilson,  It.  Sinnlelon, 

(i.  NIehols  aiul  I).  'la\lor. 

Mr.  I . Meii/i  !,  Ml  . (i.  Hnnyon,  and  Mr.  I..  |{encdd  v isited  A I .A  I , on  2.')  tiiiu 
l!t7(i.  The  purpose  o|  the  ineelinn  w.i.-  lo  di.-i  n.a.s  the  .Aiitonelies  reeoninicnded  accel- 
erated intenratioii  schedule  and  sevvial  pronrani  alternatiyes  .■'Uli.si'tjuent  to  inten ration 
testinn,  file  aeeiderati'd  intenration  si  hedule  was  approved.  flic  post  intenration 
effoi't  was  di.seii.ssed  Hut  no  ileeisioii  reaelu'd.  It  is  expected  to  He  resolved  Hv  the  end 
of  duly.  ( lov  e rnnieiit  atli  ndee.s  wi-re  (apt.  H.  daiiosko,  Maj.  H.  Itrandt, 

Maj.  (i.  Haroha,  Mr.  I'.  I ipiior,  Mr.  I).  I’leva,  and  Mr.  C.  Himes.  SuHse()uenl  to 
these  discussions  thi'  Autoiietii  s persoiiiu  1 visited  Mr.  l.iMiinis  lor  a lew  iiiinules  to 

diseuss  the  MH'HuN  f'I’M  eoiifinuration  pliumed  lor  llolloinan  vcriliealion  llinlit  testinn. 

( In  :i()  .luiie  I'.tVh,  Mr.  I.  Daiiiell,  H.  Det.ri'y,  K.  Hoff,  and  H.  Schenk  from  the 
l.oc.'kheed  Skunkvvorks  vi.-ited  .Autonelie.-..  they  were  interested  in  iliscussinn  inti'r- 
laces  and  perlorinaiiee  analysis  lor  a elassitied  reeonnaissaiiie  aireratt. 

(In  H duly  11)7(1,  Carl  I'ilnick  of  I'elecomiminications  Manan'emcnl  Corportition 
visited  Autonetics  to  obtain  information  of  a ^cnertil  nature  on  inertial  navijyation 
technoloytv  of  ttie  future.  I'lie  information  wiis  requested  to  support  a study,  with 
which  he  is  involyed,  on  the  future  needs  of  the  IX'ptirtment  of  Defense  with  inertial 
navigation  teehnolo^A  which  is  under  dev ( lopment.  Information  was  provided  to  him 
on  MICH()N  ;md  1 .ase  r ( iV ros. 

( apt  .lanosko  visited  .Autonetics  on  1 2 iind  M duly  l!)7(i  for  :i  monthly  sttitus  revii'w 
meeting.  I he  ;iftend;i  is  contained  in  I’tira  (1.  1.  l.;i.7  of  this  ri'port.  C'ol.  U,  /liernieki, 
lleadqiuirters  rs.Al  , also  visited  .Autonetics  on  HI  duly  l!)7(i.  Col  /iernicki  received  a 
general  update  on  Ml(  l{().\  and  several  other  pro!.;rams. 

(In  22  .luly  11)7(>  Hd  Men/.el,  Cil  Campos, :md  Keith  Ciibson  visited  (i^den  ,\1.C  for 
a meetinn  on  the  1-1  tippl ictition  of  MICHON.  (iovernment  tittendecs  w'cre  Hick  Woods 
( i( )A  l.C  ^M Ml , IHirold  Haddock  ()( lA  HC/.M.MK,  Capt  Neil  d'homas  A.Sl) ' PH.A M,  and 
HoHert  I).  Davis  ASI)/l'H.AM.  The  purpose  of  the  meeting  w’as  to  answer  questions 
on  .MICHO.N  HIW  planning. 

(In  20-22  duly  l!)7(i,  .lerry  .'^ehwar/  ;ind  Milt  Hupert  represented  Autonetics  at 
the  final  .dandard  Navigtitor  open  forum  meeting  tit  W right- Patterson  .AfH, 


( *n  2X  lulx  r.t7<i,  hill  Hniiflrr,  I.fwis  U('i(l,  Dick  Wntt  ;ind  .Incrk  M.-irlow  troiii  the 
Cuhic  ( orpoiMt ioti  visited  Autoneties.  Ilie  puipose  of  the  meetinf;  was  to  explori'  th( 
possil)iIit\  of  hav  ing:  t'lihie  design  and  f:il)rieate  the  I’reprodiietion  I- i re  ( 'out rol ' 

Na\ip,ation  Panels  m e (led  for  the  Slandartl  Navinator  verification  testing. 

(in  !)  August  l!)7(l,  .\D'.  Itoli  Paker  from  the  Armv  NA\('()N  ofiice  at  (ort 
Monmoutli  visited  Autoneties.  lie  was  briefed  on  the  status  of  the  .MI('|{()N  pro^;ram. 
Potential  Armv  participation  in  some  hi^;h  acenraev  dev clopnunt  vvus  discussed. 

( )n  10  Auttust  P.t7(>,  Mr.  (iil  Campos,  Mr.  Dave  I'l'eeland  and  Mr.  Chuck  llomolka 
briefed  the  ASI)  PHAM  office  on  the  M1CH()N  approach  to  the  I - I INS  Hetrofit  Program. 

I t Col  I vans  (ASI)  PHAM),  C.apt  Neil  I'homas  (ASI)  PHAM),  lohn  Kallish  (ASD/IvNA), 
and  ( apt  Hon  lanosko  were  present  for  the  briefing. 

(In  11  August,  (apt  Hon  lanosko  and  Mr.  Phil  Ibgnor  visited  Autoneties  fora 
monthlv  status  review  meeting.  Tlu  agenda  is  contained  in  Para  (i.l.l..'i.s  ofthis  rcpoil. 

(in  21  August  P.)7(i  Mr.  Hob  Norris  and  Mr.  Hill  Cowell  from  Hoeing  Seattle 
visited  Autoneties.  While  here  on  Minuteman  Program  business,  thev  were  given  a 
general  MK  H<iN  Program  Status. 

(in  « September  1070,  Messrs.  1.  A.  Schwarz,  .1.  i:.  Menzel,  (',.  i:.  Hunyon, 
and  I . C.  Henold  nu  t with  Al  A1  and  the  contracting  officer  at  W right  I’atti'rson  Al  H. 
rlu  purpose  ()l  the  meeting  was  to  discuss  restructuring  the  ri-mainder  of  the  Phase  2H 
eont  ract. 

( in  0 September,  Mr.  1.  A.  Schwa  rz  and  M r.  I).  H.  Icecland  visited  ASI) 

I iigim  ( ring  to  pr(  sent  a MK  H()N  program  overview/update.  Mr.  Schwarz  and 
Mr.  I reeland  also  V i sited  A I A I ./M  r.  I ..  C.  I xxunis  to  discuss  Standard  N av  igator 
CKi'I'l  sv  stem  requi  rianents. 

(in  10  September,  ('apt.  lack  Knimm,  (’apt  Scott  Hichev , and  Mr.  Pete  '/agore 
Iron)  Holloman  Al  l!  visited  Autoneties.  They  were  given  a briefing  and  lab  tour  to 
familiarize  theni  with  the  hardware  to  be  delivert'd  in  •liuuiiii'v  1077. 

(in  21  September,  Mr.  Hob  Hakci- and  Mr.  John  NienuJa  of  the  C.S.  Ai'inv  at 
I 1 . Monmouth  visited  Autoneties  to  discuss  a potential  Ai’mv  contract.  The  elToi't 
involved  would  be  hardware  and  software  development  to  llight  test  an  i:  PM  with  a 
I'ACAN  and  central  computer  in  an  integrated  svstem  configuration  in  an  Army  aircraft, 

(in  ;i()  September,  three  personnel  from  AJ'AH  l ii'c  Control  (including 
( apt.  W.  Peterson)  visited  the  MICHON  lab  for  a status  update  of  MICHON. 

(In  21  (ictolu-r  107(i,  an  informal  design  review  was  hi'ld  at  Autoneties.  The 
agenda  and  list  of  attendees  is  given  in  Piira  (i,  1.  l.;i.l)  ofthis  I’epoi't. 

On  .'1  Novc-mber  l!)7(i.  Navy  peisonnel  (I,t  Comm.ander  Me  Allister,  l.t.  Ht  adhead, 
l.t  Southworth,  I,t  Wise  , ( hief  Hutt:um  and  Chief  reemly)  from  the  ciirrier 
Constellation  toured  tin  Autoneties  facility,  rhey  were  given  !i  30  minute  MICHON 
familiarization  bri(  fing  jind  !i  system  lab  tour. 


( )ii  1 Nmrmln  r,  I in^  r<’mco  \ Ounlit  ol D.illas  (C.  McLean,  I,.  McN'iiit\  , 

I . Stiiplcv,  M.  lianu'tt  and  \ . ('.innings)  \isitcd  Autonclics  Missile  S\slenis  l)i\ision. 
I'hi  \ \veregi\j'n  a L")  minuti-  MI('R()N  ovci^iew  and  sxsteni  lab  walktliroiigli. 

( )n  11  November,  Messrs  !.  A.  Schwa  r/  and  ( \\  . Sargent  \ i sited 
Col  Dave  l)<-mpster.  ( apt  llarvev  llrock,  Clift'  l.oomis,  and  Hill  Laiibendorler  were 
also  present.  The  puipose  of  the  nuc-ting  was  to  review  Aiitonetics  plans,  questions, 
and  prv)blems  i-egarding  MICii()N  and  the  Standa  rd  Navigator  Drogram.  Subsequent 
to  that  meeting,  a brief  visit  was  made  to  AI  AL,  ('apt  Hon  -lanosko. 

( >n  1.')  Novt'inbei',  a Koval  Air  force  Team  visited  Autonetics  for  a briefing 
on  mam  programs  topics.  Thev  were  cleared  through  the  State  Department  and 
Department  of  Defense.  TIh'v  had  asked  that  a MICK(>N  briefing  be  on  the  agenda. 

( )n  18  November,  Hoeing  ICS  persiMinel  were  here  survev  ing  finalists  in  the 

II  S guidance  sv  stem  competition.  Tlu  v wer<'  briefed  in  the  morning.  Discussions 
were  held  in  the  afternoon  answering  numei-ous  questions  thev  had. 

( )n  29  November,  1).  f reeland  and  l.  Pinson  visited  Northrop  to  discuss 
MICRON  applications  for  the  I'-fi  and  1'-18. 

( >n  ' December  197(1,  Me Doniudl-Douglas  personnel  and -lohn  Perd/oek  from  the 
I light  Dvnamies  I abor.atorv  visited  Autonetics.  The  purpose  was  to  discuss  the  Air 
I oree  Multi  - lAmetion  Inertial  Reference  Assembly  (MIRA).  While  here,  thev  asked 
for  and  wt  re  given  a 1)0  minute  MICRON  status  l)rienng, 

( )n  11  December,  Mr.  (1.  \\ . Sargent  v isited  Colonel  baton  (DOD  l^i.  l.(.  Col  baton 
had  rt  quested  a discussion  of  MICR()N  and  how  it  relatt'S  to  the  Standard  Nav  program 
I'ri dent  program.  While  on  the  bast  Coast,  Mr.  Sargent  visited  Crumman  Aerospace 
Corporation  and  I airehild  Industries  on  la  December,  lie  provided  a briebng  update 
on  MICR()N  status. 

On  II  and  ir.  December  197(1,  an  informal  design  review  was  held  at  Autonetics. 

I he  agenda  and  list  of  attendees  is  given  in  Para  (1.  1 . 1 . 1),  10  of  this  repoil. 

(in  1.")  December,  I),  breeland,  S.  Miller  and  R.  N ason  visited  ASD/Ab A.  The 
purpose  was  to  brief  tiu  Standtiixl  N;iv  Office  on  .Autonetics  logistics  support  experience/ 
e:ip:ibilities  ;ind  to  outline  our  support  plans  for  the  Standard  .Nav  program. 

(in  21  December,  Mr.  Ilarrv  Downs  (Holloman  AI  D)  visited  Autonetics.  I'he 
purpose  w;is  to  pick  up  interbiee / meehani zation  information  on  the  bl’M  that  will  be 
gv)ing  to  Holloman  for  Standard  Nav  screening  tests. 

( )n  Is  -lanuary  1977,  a number  of  [lersonnel  from  Northrop  visili'd  Autoiu'ties 
tor  a technical  i-valutition  of  the  MRMtON  Program.  The  ixirjiose  of  this  meeting  was 
to  provide  a basis  for  .Noithrop's  evaluation  of  .MICRON  a|)plieation  to  t hi'  b-a  and  b-18. 

( )n  1!»  lanuary,  Mr.  Hill  baubendorfer  from  .ASI)/AK  visited  .Autonetics.  Hc' 
was  [irovideil  a technical  briefing  and  status  updiitc'  on  .MICRO.N. 


28;) 


( >11  L’li  himi.i  fv,  Mr,  Miicki  and  Mr.  Zu/olo  Irom  |{('|)iil)li('  Dii  ision  ol  I'ai  rchi Id 
Induslrii's  visited  Aut oiu-tic-s.  I'liev  were  ni\cn  a lirielinu  on  .Ml(’l{().\  iiroduetion  plans 
and  loitisties  a|ipro;i(di. 

< >n  I’ll  .I aniia r\',  Mr.  Ii'rrv  Seliutiiv  and  Mr.  Dave  I'feeltind  \isited  IIk'  Standard 
Nai  i^iation  otiiee  (Maior  liaiiley).  I'lie  purpose'  of  tli('  nu'etinn  was  to  provide  Autoneties' 
recommendation  for  the  K(’- l.'ia  pro;;ram. 

< >n  2i>  tliroimli  k’s  -lanuarv,  ten  personnel  from  Holloman  Al  H v isited  Autoneties. 
rhev  were  provided  a training  course  on  MK'HOX  in  iirejia  rat  ion  for  sul)se(|uent  Standard 
Nav  testing  at  Holloman. 

< >n  H)  I'eliruarv,  Mr.  I.  A.  Seliwar/,  -I.  K,  Men/eland  I,.  (',  Kenold  of 
Autoneties  visited  Al'AI.  \V’rit;ht -I’titterson  Al'H.  The  [Hirpose  of  the  visit  vvtis  to 
discuss  closing  tiown  the  eontrjiet  efforts. 


SECTION  X 


PROGRAM  SCHEDULE 

I'lif  MI('R()N  I’liast'  2H  I’ronram  Sclualuli'  is  shown  in  hTtiui’o  U)(i.  rho  symlxjls 
usi'd  ai'o  ttu'  standard  inili'stotu’  synil)ols  as  shown  in  I'i^uro  101. 

Tho  I'if^iirc  100  schedule  refleets  the  c’ontracd  nen(>liutions  of  Hef  .j;  the  duration 

of  tile  line  item  tasks  marked  were  shortened  pi-r  llid'  a,  the  line  itcmi  tasks  marked 

•”  waM'i'  (Udi'ted  jier  Ref  a. 
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Figure  100,  Program  Schedule  (Sheet  1 of  (i) 
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